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ADVERTISEMENT. 


„ ee encouraged by the very 
rapid ſale of the firſt edition of 

this work, to offer another to the 
public, I have endeavoured to render 
it more perfe& by ſuch additions and 
alterations, as either occurred to my 
own mind, or were ſuggeſted to me 
| by others. The reader will find moſt 
of the chapters either enlarged by the 
addition of new matter, or improved 
by a different arrangement of the 
old ; more particularly, the chapters 
on medical ele&ricity and the Ley- 
den phial.— The eſſay on magnetiſm 
is alſo conſiderably enlarged ; for the 
preſent diſpoſition and order of treat- 
A ing 
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ing it I am indebted to the ingenious 
and kind hints of Dr. Lorimer. The 
additions are illuſtrated by two new 
plates, and an engraved frontiſpiece, 
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T may be eaſily perceived by the title of this 

work, that it is not offered to the public as 
a finiſhed piece on the ſubject. To treat of the 
theory and practice of electricity, in the fulleſt 
manner, would require a larger treatiſe, and 


employ more time than I can devote to a work 
of this kind. 


The ſcience of electricity is now generally 
acknowledged to be uſeful and important; and 
there is great reaſon to think, that at a future 
period it will be looked up to as the ſource from 
whence the principles and properties of natural 
philoſophy muſt be derived; its utility to man 
will not be inferior to its dignity as a ſcience. 


I have 
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I have not attempted to trace electricity from 
its firſt rude beginnings, or to follow the mind 
of man in its various and irregular wanderings, 
in ſearch of the laws by which it acts, and the 
ſource from whence it 1s derived, as this has 
been ſo well executed by Dr. Prieſtley. Our 
view of things is ſo circumſcribed, and the myſ- 
teries of nature ſo profound, that it is not eaſy 
for us to determine, whether the received theory 
is founded on the baſis of truth, and conform- 
able to nature, or whether we ſhall be conſider- 
ed, by future philoſophers, as mere children, 
amuſed and fatisfied with imperfect opinions and 
ill-digeſted theories. When a variety of things 
are mixed together, which have little or no 
connexion, they naturally create confuſion. Ir 
has been my endeavour, in the following eſſay, 
to collect and arrange, in a methodical and con- 
ciſe manner, the eſſential parts of electricity, by 
theſe means to render its application eaſy, plea- 
fant, and obvious to the young practitioner ; 
and by bringing together experiments of the 
fame kind, make them mutually illuſtrate each 
other, and thus point out the ſtrength, or diſ- 
cover the weakneſs, of the theories that have 
been deduced from them. Though the nature 
| I and 
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and confined limits of my plan did not admit of 


much variety of obſervation, or a formal enu- 
meration of every particular, yet few things, I 
hope, of uſe and importance, have been omitted. 


As I do not wiſh to incur the imputation of 
plagiariſm, I with pleaſure acknowledge the af- 
ſiſtance I have received from the different authors 
who have wrote on this ſubject. I have uſed an 
unreſerved freedom, in ſelecting from their works 
whatever I found to anſwer my purpoſe. I am 
particularly obliged to Sir Joſeph Banks, for his 
politeneſs in lending me Les Memoires de l'Aca- 
demie de Berlin for 1780, at a time when I could 
not procure them elſewhere. 


The various interruptions and avocations, from 
which, as a tradeſman, I cannot be exempt, will, 
I hope, induce the reader to make ſome favour 
able allowances for any errors which he may diſ- 
cover, and kindly correct them for himſelf. 


I beg leave to avail myſelf of this opportunity 
to acquaint the public, that I am now engaged 
in a work deſcribing the mechanical parts of ma- 
thematical and philoſophical learning, and ex- 
plaining the various uſes of the different inſtru- 
ments in their preſent ſtate of improvement; 


which, 
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which, I truſt, will greatly tend to facilitate the 
attainment of knowledge, and accelerate its 
| progreſs. For this purpoſe I have been at a con- 
| ſiderable expence in collecting ſuch materials 
[| as may enable me to offer to the public ſome 
| eſſays on this ſubje&, which I hope will not be 


found unworthy of its patronage, and which 
mean to publiſh with all convenient ſpeed. 
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ELECTRICITY. 


G. AK. I. 


or ELECTRICITY IN GENERAL, 


T muſt appear ſurpriſing to every ſearcher 
after truth, that electricity, which is now 
allowed to be one of the principal agents em- 
ployed in producing the phœnomena of nature, 
ſhould have remained ſo long in obſcurity; for, 
comparatively ſpeaking, its exiſtence was not 


known to the ancients. They were not, in- 


deed, altogether ignorant of the peculiar pro- 
perties of thoſe bodies that we now term elec- 
trics PER SE ; nevertheleſs their knowledge was 
circumſcribed, being confined to the obſerva- 
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tion only, of thoſe phenomena which nature 
preſented to their ſenſes, in the ordinary courſe 
of her operations; hence near two thouſand 
years elapſed, before any addition was made 
to the little which was known to Theophraſtus, 
and this branch of natural hiſtory remained un- 
cultivated, till the happy period arrived, when 


the philoſopher was emancipated from the chains 


of hypothetic reaſoning, and the uncertainties of 
vague conjecture. 
The exiſtence of this ſubtle, and in moſt 


_ caſes inviſible, power, was then traced, and 


many of its properties developed; its agency 
was diſcovered to be univerſal, and its extent 
unlimited. | 

Electricity has been dignified in a peculiar 
manner, by engaging the attention of the philo- 
ſophic hiſtorian ; who, by delineating the gra- 
dual progreſs of its diſcoveries, deſcribing the 
different theories which have been invented to 
account for its effects, and pointing out the DE- 
SIDERATA Which ſtill remain to be explored, has 
contributed in a high degree, to enlarge the 
boundaries of electricity, and to encreaſe the 
number of thoſe who cultivate it. 

Since the publication of Dr. Prieſtley's it. 
tory, the electrical apparatus has been conſider- 
ably augmented, and many new experiments 

have 
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have been made. To deſcribe the one, and to 
arrange the other, under ſuch heads as will point 
out the connexion between the experiments and 
the received theory of electricity, was one of the 
principal views I had in compoſing this eſſay. 
I alſo wiſhed to put into the hands of my cuſ- 
tomers a tract, which might enable them to uſe, 
with eaſe and ſatisfaction, the electrical machines 
and apparatus which I recommend. 

As electricity is in its infancy, when conſider- 
ed as a ſcience, its definitions and axioms can- 
not be ſtated with geometric accuracy. I ſhall, 
endeavour to avoid, as much as poſſible, the uſe 
of poſitive expreſſion; in order to invite the 
reader to examine the experiments himſelf, to 
compare them one with another, and then draw 
his own concluſions; beginning with thoſe Ex- 
periments which were the foundation of the pre- 
ſent ſtate of electricity, and which gave riſe to 
the principal technical terms made uſe of in this 
ſcience. e 
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Rub a dry glaſs tube with a piece of dry ſilk, 
preſent light bodies, as feathers, pith balls, &c. 
to it, they will be attracted, and then repelled. 
A piece of black or oiled ſilk on which a little 

| B 2 amalgam 
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amalgam has been placed, makes the beſt rub- 
ber for a ſmooth glaſs tube: ſoft new flannel 
ſucceeds well with ſealing wax. 


r 


Rub a dry ſtick of ſealing wax, it will firſt 
attract and afterwards repel thoſe light bodies 
that are brought near to it. 

Tx friction in the two preceding experiments 
has put in action an agent, or power, which at- 
tracts and repels light bodies; this power is cal- 
led ELECTRICITY. 

A certain quantity or natural ſhare of the elec- 
tric fluid, is ſuppoſed to be diſſeminated in all 
bodies, in which ſtate it makes no impreſſion on 
our ſenſes; but when, by the powers of nature 
or art, this equilibrium is deſtroyed, and the 
agency of the fluid is rendered viſible to the 
ſenſes, then thoſe effects are produced which we 
term electrical, and the body is ſaid to be ELEc- 
TRIFIED. | 

Any ſubſtance, that is made by friction to ex- 
hibit electric appearances, is ſaid to be ExciT- 
ED, | 

Amber, filk, jet, dry wood, and a variety of 
other ſubſtances, being excited, attract and re- 
pel light bodies; theſe are called ELECTRICS. 
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Such ſubſtances, as metals, water, &c. the fric- 
tion of which will not produce this power of at- 
traction and repulſion, are called NoN-ELEC- 
TRICS. 

When the excited glaſs tube, or ſtick of ſeal- 
ing wax is in good order; and the particles of 
electricity are ſufficiently united, to act on the 
organs of viſion; pencils of light will then dart 
= the tube in a beautiful manner, and a 
napping noiſe will be heard on the approach 
of any conductor. 

Electricity is often excited by other cauſes as 
well as friction. Thus it may be produced by 
heating or cooling of ſome ſubſtances, by blow- 
ing of air violently on a body, &c. nge it IS 
probable, that whatever removes the ſtratum of 
air from the ſurface of any body, or influences 
the coheſion of its parts will diſturb the electric 
fluid. 

The diſcharge of large cannon, and the 


blowing up of powder magazines, has been 


known to electrify glaſs windows. 


"SEE SE SIE: 


Let a metallic cylinder be placed upon filk 
lines, or upon glaſs, bring an excited electric 
near to it, and every part of the metallic cylin- 

3 der 
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der will attract and repel light bodies, as forci- 
bly as the excited electric itſelf. 


. 


Support a dry glaſs rod on ſilk lines, or by 
glaſs, bring an excited electric near it, and no 
attraction or repulſion will take place; becauſe 
the electricity cannot be tranſmitted through it. 

Thoſe bodies which poſſeſs the power of 
tranſmitting electricity, are called conpucToRs 
AND 'NON-ELECTRICS. | 

Thoſe ſubſtances, which are impervious to 
electricity, are called NON-CONDUCTORS, OR 
ELECTRICS. 

A body which communicates with nothing 
but electrics, is ſaid to be INSULATED. 

If all ſubſtances poſſeſſed an equal power of 
retaining or parting with the electric fluid, the 


greater part of its phenomena would have re- 


mained unknown to us; but, as it paſſes read- 
ily only over the ſurface of ſome ſubſtances, 
while others reſiſt its paſſage, or are nearly im- 
permeable to it, we are enabled to accumulate, 
condenſe and retain it on the laſt, and thus 
ſubject it eaſily to the teſt of experiment. 

From the third and fourth experiments we 
learn, that excited electrics will communicate 


the 
| 
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che electric powers to conducting ſubſtances 
which are inſulated, that theſe will then attract 
and repel light bodies, &c. ſimilar to the elec- 
tric itſelf ; with this difference only, that a con- 


ductor, which has received electricity, parts with 


it at once, when it is touched by another con- 


ductor that communicates with the earth; where- 


as the excited electric, under the ſame circum- 
ſtances, only loſes its electricity partially. 


"PRAC KENT . 


Electrify, with excited glaſs or ſealing wax, 
two inſulated cork balls, ſuſpended by lines a- 
bout ſix inches long, and the balls will ſeparate 
from and repel each other. 
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Electrify one ball with glaſs, the other with 
ſealing wax, and they will be mutually attract- 
ed. 


| Theſe two oppoſite and remarkably diſtinct 
effects in the attractive and repulſive powers of 
electricity, whereby one attracts what the other 


repels, were diſcovered at an early period of the 


hiſtory of this ſcience. 
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The electric power produced by the excitation 
of glaſs, is called pos1TIVE ELECTRICITY, and the 
power produced by the excitation of ſealing wax 
is called NEGATIVE ELECTRICITY, This differ- 
ence was at firſt thought to depend on the elec- 
tric, andit was then ſuppoſed that the two kinds 
of electricities were eſſentially diſtinct; but it is 
now known, that each of theſe powers may be 
produced from the excitation of either glaſs or 
ſealing wax. 

Eiectricians have been engaged, by the dif- 
covery of the two foregoing diſtinctions to ex- 


amine the electric properties of moſt bodies, to 


aſcertain whether they poſſeſſed the poſitive or 
negative powers; by this means the catalogue 
of electrics has been conſiderably encreaſed, and 
it was ſoon found that every ſubſtance, we were 


acquainted with, had more or leſs affinity with 


the electric fluid®. 


CATALOGUE OF. CONDUCTING SUBSTANCES. 
1 Stony Subſflances. 


Stony ſubſtances in general conduct very 
well, though dry and warm. 


* See Dr, Prieſtley's Hiſtory. Cavallo on Electricity. 
Marat. Recherches ſur l'electricitè. 
| Lame- 
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Lime: ſtone and lime juſt burnt are _—_ 
imperſe conductors. 

Marbles conduct conſiderably votive than 
free-ſtone, and there is found very little differ- 
ence among any of the ſpecimens of marble 
that have been tried. 

A large piece of white ſpar with a tinge of 
blue and ſemi-tranſparent, will hardly conduct 


in the leaſt degree: pretty ſtrong ſparks may be 


taken from the prime conductor, while it is in 
contact with it. 

A piece of agate, ſemi-pellucid, receives the 
electric ſpark into its ſubſtance; though it will 
paſs over about three quarters of an inch of its 
ſurface to reach the finger that holds it, and it 
diſcharges the battery but ſlowly. 

A piece of ſlate, ſuch as is commonly uſed to 
write on, is a much better conductor than a 
piece of free-ſtone, which conducts but poorly. 

Touch-ſtone conducts pretty well. 

A piece of gypſum and plaiſter of Paris con- 
ducts very well, only the latter having a ſmooth- 
er ſurface takes a ſtronger ſpark. 

A piece of aſbeſt from Scotland, juſt as it is 
taken from its bed, will not conduct. While 
in contact with the conductor, ſparks may be 

aken at the diſtance of half an inch with a mo- 


derate electrification. 


A piece 


IO . 


A piece of Spaniſh chalk conducts much like 
marble. 


A piece of Egyptian granite conducts conſi- 
derably better than free-ſtone. 


2. Saline Bodies. 


Oil of vitriol conducts very well. 

The metallic ſalts in general conduct better 
than any neutrals. 

Vitriol of copper and of iron conduct very 

well, though they will not tranſmit a ſhock. 
Vi.itriolated tartar gives a ſmall ſhock. 

Salt-petre does not conduct ſo well as ſal- am- 
moniac. If the electric exploſion paſſes over 
its ſurface, it diſperſes into a great number of 
fragments, in all directions, with conſiderable 
violence. 

Volatile ſal-ammoniac gives a ſmall ſhock. 

Rock-ſalt conducts, but not quite ſo well as 
allum; the electric ſpark upon it is peculiarly 
red. 

Sal-ammoniac exceeds rock- ſalt and allum in 
its conducting powers, but will not take the leaſt 
ſenſible ſpark; ſo that it ſeems made up of an 
infinite number of the fineſt points. 

Salenitic ſalts conduct but poorly. 

| By 
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By allum the exploſion is attended with a 
peculiar hiſſing noiſe, like that of a ſquib. 


3. Taflammable Bodies. 


A piece of pyrites, of a black colour, takes 
ſparks at a conſiderable diſtance from the prime 
conductor, like ſome of the inferior pieces of 
charcoal. 

Another piece of pyrites, which has been part 
of a regular ſphere, conſiſting of a ſnining me- 
tallic matter, will not conduct near ſo well, 
though much better than any other ſtony ſub- 
ſtance. It is a medium betwixt a ſtone and an 
ore. 
Black-lead in a pencil conducts a ſhock ſeem- 
ingly like metal or charcoal. A ſmall lump of 
it takes as full and ſtrong a ſpark from the 
prime conductor as a braſs knob. 


4. Metals and Ores. 


A piece of gold ore from Mexico is hardly to 
be diſtinguiſhed in this reſpect from the metal 
itſelf. A | 

A piece of ſilver ore from Potoſi, though 
mixed with pyrites, conducts very well. 

Two pieces of copper ore, one the moſt va- 

luable 
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| Juable that is known, and another of only half 
the value, are hardly to be diſtinguiſhed from 
one another in their conducting powers. 

Lapis-hæmatites conducts pretty well. 

Black-ſand from the coaſt of Africa, which 
is a good iron ore, and part of which is affected 
by the magnet as much as ſteel filings, is found 
to conduct electricity, but not a ſhock. Sepa- 
rating with the magnet all that will be eaſily 
attracted by it, it conducts a ſhock very well; 
the reſt would hardly conduct at all. 

The ores in which the metal is mineral- 
ized with ſulphur or arſenic, as the ores of lead, 
tin, and cinnabar, the ore of quickſilver, are 
little inferior to gold and filver ore. 

Ores that contain nothing but the earth of 
the metal, conduct electricity little better than 
other ſtones. 

Lead, tin, iron, braſs, copper, ſilver, and 


gold. 
5. Fluids. 


The fluids of an animal body. 

All fluids, excepting air and oils. 

Fluids appear in general, to be better con- 
ductors in proportion as they contain leſs in- 


flammable matter. 
Mr. 
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Mr. Cavendiſh has ſhewn, that iron wire con- 
ducts about four hundred millions of times bet- 
ter than rain or diſtilled water; i. e. the elec- 
tricity meets with no more reſiſtance, in paſſing 
through a piece of iron wire four hundred mil- 
lion inches long, than through a column of wa- 
ter of the ſame diameter only one inch long. 

Sea water, or a ſolution of one part of ſalt 
in thirty of water, conducts an hundred times, 
and a ſaturated ſolution of ſea ſalt ſeven hun- 
dred and twenty times better than rain water. 

The effluvia of flaming bodies. | 

Snow, ſmoke, the vapour of hot water, the 


vacuum produced by an air pump, charcoal, 
&c. 
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Amber, jet, pitch and ſulphur; likewiſe all 
the precious ſtones, as diamonds, rubies, gar- 
nets, topazes, hyacinths, chryſolites, emeralds, 
ſaphires, amethyſts, opals, and eſpecially tour- 
malins: all reſins and reſinous compounds, wax, 
ſilk, cotton; all dry animal ſubſtances, as fea- 
thers, wool, hair, paper, &c. White ſugar, air, 
oil, chocolate, calxes of metals, dry vegeta- 
bles, &c. FIT! 


I do not know whether it is altogether pro- 
per 
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per to add to this liſt of electrics, the Torpedo 
and Surinam Eel, living electrics, whoſe elec- 
tricity is put in action by the will of the ani- 
mal. Ni 
The real and intrinfic difference between 
electrics and non-electrics, remain among the 
electric deſiderata; for, nothing more is aſcer- 
tained, than, that the conducting power, in 
ſome meaſure, depends upon, or is governed by 
heat. Glaſs, reſin, and many other articles, are 
made conductors by heat; while on the contra- 
ry, cold, if not attended with moiſture, renders 


every electric ſubſtance more electric. 


Mr. Achard, of Berlin, has publiſhed, in Ro- 
zier's Journal de Phyſique, a very ingenious 


paper on this ſubje&; in which he proves, by 


experiment, 1ſt, That certain circumſtances will 
cauſe a body to conduct electricity which before 
was a non- conductor. 2d, That theſe circum- 
ſtances are the degrees of heat to which this 
body is ſubjected. He endeavours to ſhew, 
that the principal changes which take place in 
any ſubſtance from an increaſe of heat; are an 
augmentation in the ſize of its pores, and an 
increaſe of velocity in the igneous particles con- 
tained in, and acting on, that body. He then 
proves, that the laſt circumſtance does not oc- 
caſion the alteration in the electric properties; 


and 
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and infers, agreeable to the ſyſtem of Mr. Euler, 
that the principal difference between con ſuct- 
ors and non- conductors of electricity conſiſts in 


the ſize of the pores of the conſtituent parts of 
the body. 


A LIST OF ELECTRIC SUBSTANCES AND 
OF THE DIFFERENT ELECTRICITIES 
PRODUCED BY THEM. © 


The back of a cat Poſitive K ſubſtance with which 
it has been hitherto tried. 


Every ſubſtance hitherto 
Smooth glaſs Poſitive 4 tried, except the back of 


L a cat. 


. D iled filk | 
| poſitive | ry oile „ ſulphur, 


metals. ; 
Rough glaſs 4 Woollencloth,quills, wood, 
Negative 4 paper, ſealing-wax, white 
L wax, the human hand. 


Poſitive Amber, air.“ 
Tourmalin 4 | | 
Po” Diamond, human hand. 


* i. e. By blowing with a pair of bellows upon it. By 
this means many electries may be excited, and ſome better 
if the air blown is hot, although, in both caſes, very lit- 
tle electricity can be obtained, 


Hare's 
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Metals, ſilk, loadſtone, lea- 
Poſitive { ther, hand, paper, baked 


Hare's ſkin wood. 
( 
n Other finer furs. t 
Black filk, metals, black | 
| Poſitive * £ 
White filk g . } 
* Paper, hand, hair, weaſel's 
[ egative kin. 
! Poſitive Sealing wax. r 
Hare's weaſel's, and ferret's t 
Black filk : 
Re 1 { ſkins, loadſtone, braſs, ſil- e 
ver, iron, hand. y 
'Pofitive Metals. a 
Sealing wax | 3 Hare's, weaſel's, and fer- f 
: Negative] ret's ſkins, hand, leather, 1] 
woollen cloth, paper. 
| Poſitive Silk. . n 
n n Flannel. a1 
05 
Many circumſtances, apparently trifling, will 
occaſion an alteration in theſe contrary electrici- w 
ties. It has been ſaid, that of two equal ſub- P 
ſtances rubbed together, that which ſuffers the g¹ 
4 greateſt friction, or is moſt heated, acquires the tu 
4 negative electricity. Though this in many ac 
1 caſes holds true, with reſpect to ſilk ribbons, CC 
ji yet Mr. Bergman ſays, that if the ribbon A be or 
1 black, it will never become poſitive, unleſs B if 
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be black, it will never become poſitive, unleſs 
B be black likewiſe. With pieces of glaſs the 
effect is contrary ; for, if they are both equal, 
the piece A, which is drawn acroſs the piece B, 
becomes negative; and B, which ſuffers the 
greateſt friction, becomes poſitive. Heating 
by fire produces the ſame effect as the greater 
friction. If one piece of glaſs be thicker than 
the other, the former becomes poſitive, the lat- 
ter negative. Coloured glaſs, even when heat- 
ed, becomes negative, if rubbed with common 
white glaſs. If a piece of blue glaſs is rubbed 

againſt a green one, the blue glaſs becomes 
ſtrongly poſitive, &c. Bergman, Swediſh 
Tran. 1765. | . 

The electricities produced by hair and glaſs 
rubbed together ſeem to balance each other, and 
are therefore different according to the manner 
of rubbing and the quality of the hair. 

Hair of a living animal, or hair newly cut, 
when rubbed with a glaſs tube lengthways, is 
poſitive; and here, the glaſs, which ſuffers the 
greateſt friction, is negative. But if the glaſs 
tube be drawn acroſs the animal's back, or 
acroſs a ſkain of hair newly cut, the glaſs be- 
comes poſitive. Old dry hair, rubbed on glaſs 
or on living hair, always becomes negative; but 
if the hair is a little greaſed with tallow, the 

. | ſame 
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ſame ſame effect is produced as with living hair. 
Wilke Swed. Tran. 1769. 

Electrics differ from each other with reſpect 
to the facility with which they are excited, their 
force when excited, and the power with which 
they retain the effects of the excitation. 

Silk feems preferable to any other electric 
ſubſtance, for exhibiting a permanent and 
ſtrong attractive and repulfive power. 

Glaſs appears to have the advantage in exhi- 
biting the electric light, attraction and repulſion: 
in quick ſucceſſion, in a very vigorous though 
not a durable manner. 

Negative electrics, as amber, gum-lac, ſul- 
phur, reſin, and all reſinous ſubſtanees, . exhibit 
the electric appearances for the greateſt length 
of time. A ſingle excitation is ſufficient to 
make them do ſo for many weeks, in favourable 
circumſtances. They are alſo remarkable for 
the ſtrong electric powers which they communi- 
cate to conducting bodies that come in contact 
with them; and which they will continue to 
communicate for a conſiderable time. 

It may be proper to obſerve here, that the 
two claſſes of electrics and non-electrics are not 
ſo ſtrongly marked by nature as to enable the 
electrician to arrange every ſubſtance with pro- 


priety: hence the ſame ſubſtance has been 
placed 
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placed by different writers in a different claſs. 
Beſides this, the electric properties of the 
ſame ſubſtance vary on a change of circum- 
ſtances; thus a piece of green wood is a con- 
ductor, the ſame piece, after it has been baked, 
becomes a non- conductor; charred and formed 
into charcoal, it again conducts the electric 
fluid; but when reduced to aſhes, is impervious 
to it. But further, the diſtinctions themſelves 
are very inaccurate, ſince every ſubſtance is in 
a certain degree a conductor of this fluid, tho 
ſome reſiſt its paſſage more than others. 
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OF THE ELECTRICAL MACHINE; WITH DIREC- 
TIONS FOR EXCITING IT. 


S ſoon as the properties of electricity were 
in ſome meaſure developed, the philoſo- 


pher and the artiſt concurred in contriving and 


executing a variety of machines to excite and 
accumulate this extraordinary agent. The 
greater part of theſe have been laid aſide, in 
proportion as the ſcience advanced, and its 


boundaries were extended. I ſhall, therefore, 


only deſcribe that electrical machine which is 
now in general uſe, whoſe conſtruction is ſimple, 
and well adapted to produce the electric fluid 
in great quantities, and to tranſmit it in full 
and continued ſtreams to the prime conductor. 

That the operator may proceed in producing 
this effect, I ſhall firſt enumerate thoſe parts of 
the machine which require moſt attention ; then 
deſcribe the machine itſelf, and afterwards give 
inſtructions to enable him to excite it power- 
fully. | 
The following are the parts of an electrical 
machine, which fall more immediately under 
the care of the electrician. 

: The 
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1. The electric, as the glaſs cylinder. 

2. The mechanical contrivances by which 
che electric is put in motion. 

3. The cuſhion and its appendages. 

4. The conductor or conductors. 

Fig. 1 and 2, Plate I. repreſent two electrical 
machines made on the moſt approved conſtructi- 
on. They are both mounted and uſed in the 
ſame manner, and differ only in the mechan- 
iſm by which the cylinder is put in motion. 

The cylinder of fig. 2. is turned round by 
means of the two wheels a b, c d, which a& 
on each other by a catgut band, part of which 
is ſeen at e and f. 

The cylinder of the machine which is repre- 
ſented in fig, 1; is put in motion by a ſimple 
winch, which is leſs complicated than the other, 
and not ſo liable to be out of order. Moſt 
practical electricians, however, prefer a machine 
which is moved by a multiplying wheel, as it 
fatigues the operator leſs than that which is 
moved by a ſimple winch; while a moderatę 


Increaſe of velocity in the cylinder augments 


the momentum of the electric fluid, and pro- 
duces a greater quantity of it in the ſame 
time, which prevents its being abſorbed by the 
cuſhion. And farther, when the machine is 
fixed to a table, the poſition of the lower 


C 3 multi- 
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| 0 multiplying wheel is more advantageous than 
1. that of the winch, and may be turned with the 
1 9 right hand. 

[I As the.two machines, which are repreſented 
i in fig. 1 and 2, plate I. are nearly fimilar, the 
ſame letters of reference are uſed in deſcribing 
them. 


| Fig. 1 and 2. ABC repreſents the bottom 
board of the machine. 

D, E, The two perpendicular ſupports, which 
ſuſtain or carry the glaſs cylinder FG H I. 

The axis of the cap K paſſes through the 
ſupport D; on the extremity of this axis a ſim- 
ple winch is fitted, as 1n fig. 1, or a pulley, as 
in fig. 2. 

The axis of the other cap runs in a ſmall 

hole which is fitted into the top of the ſup- 
port E. 

OP Is the glaſs pillar to which the cuſhion 
1s fixed, T a braſs ſcrew at the bottom of this 
pillar, which is to regulate the preſſure of the 
cuſhion againſt the cylinder. This adjuſting 
{crew is peculiarly advantageous. By it the ope- 
rator is enabled to leſſen or increaſe gradually, 
the preſſure of the cuſhion, which it effects 
in a much neater manner than it is poſſible 


to do when the inſulating pillar is fixed on a 
board, . 


g hi A 
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g hi A piece of ſilk that comes from the 
under edge of the cuſhion, and paſſes over the 
cylinder, but between it and the cuſhion, pro- 
ceeding regularly till it nearly meets the collect- 
ing points of the conductor. 

Near the top of the glaſs pillar OP is an 
arm of wood, to ſupport a conductor connect- 
ed with the cuſhion, which is called a negative 
conductor. In both figures this conductor is 
ſuppoſed to be fixed cloſe to the cuſhion, and 
to lie parallel to the glaſs cylinder. In fig. 1 
it is brought forwards, or placed too near the 
handle, in order that more of it may be in ſight, 
asat RS; in fig. 2, the end RS only is ſeen. 

Y Z Fig. 1 and 2, repreſents the poſitive 
prime conductor, or that which takes the elec- 
tric fluid immediately from the cylinder, LM 
the glaſs pillar by which it is ſupported and 
inſulated, and VX a wooden foot or baſe for 
the glaſs pillar, In fig. 1, this conductor is 
placed in a direction parallel to the glaſs cy lin- 
der; in fig. 2, it ſtands at right angles to the 
cylinder; it may be placed in either poſition 
occaſionally, as 1s moſt convenient to the ope- 
rator. It is moſt convenient to have both con- 
ductors fixed on ſeparate ſtands, unconnected 
with the machine, that their poſition may be 

| C 4 more 
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more eaſily accommodated to the peculiar cir- 
cumſtances of different experiments, 


DIRECTIONS FOR KEEPING THE MACHINE IN 
ORDER. 


Before the electrical machine is put in mo- 
tion, examine thoſe parts which are liable to 
wear from the friction of one ſurface againſt 
another; or to be injured by dirt, that may in- 
ſinuate itſelf between the rubbing ſurfaces : as 
the axes which work in the wooden ſupports 
D, E, and the axis of the large wheel c d, 
fig. 2, | 

If any grating or — noiſe is heard, 
the place from whence it proceeds muſt be diſ- 
covered, then wiped clean, and rubbed over 
with a ſmall quantity of tallow: a little ſweet 
oil or tallow ſhould alſo be occaſionally applied 
to the axis of the cylinder. | 

Examine the ſcrews that belong to the frame, 
and if they are looſe, tighten them. 


The different working parts of the machine 


having been thus examined, and put in order, 
the glaſs cylinder, and the pillars which ſupport 
the cuſhion and conductor, ſhould then be care- 
fully wiped, to free them from the moiſture 
which glaſs attracts from the air, being particu- 


larly * 
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larly attentive to leave no moiſture on the ends 
of the cylinder, as any damp on theſe carries 
off the electric fluid, 

Glaſs pillars have been ſometimes uſed to ſup- 
port the cylinder, but they can be of no uſe, 
unleſs the foregoing circumſtance is attended 
to; and if that is obſerved they are ſuperflu- 
ous, 

Take care that no duſt, looſe threads, or any 
filaments adhere to the cylinder, its frame, the 
conductors, or their inſulating pillars ; becauſe 
theſe will gradually diſſipate the electric fluid, 
and prevent the machine from acting power- 
fully. 

Rub the glaſs cylinder firſt with a clean, 
coarſe, dry, warm cloth, or a picce of waſh 
leather, and then with a piece of drv, warm, 
ſoft filk ; do the ſame to all the glaſs inſulating 
pillars of the machine and apparatus; theſe 
pillars muſt be rubbed more lightly than the 
cylinder, becauſe they are varniſhed. 

A heated iron is ſometimes placed on the 
foot of the conductor, to evaporate the moiſt- 
ure which would injure the experiments. 
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OF THE CIRCUMSTANCES NECESSARY TO BY 
ATTENDED TO, IN ORDER TO EXCITE A 
LARGE QUANTITY OF ELECTRIC FLUID, 


In order to find out an effectual mode of ex- 
citing powerfully an electrical machine, it is 
neceſſary to frame an idea of the mechaniſm by 
which the cylinder extracts the electric fluid 
from the cuſhion, and thoſe bodies which are 


connected with it; I have, therefore, ſubjoined 


thoſe conjectures on which I have worked, and 
by which I have been able to excite, in the moſt 
powerful manner, thoſe machines which have 
paſſed through my hands. . 

It appears to me, that the reſiſtance of the 
air is leſſened, or a kind of vacuum is produc- 
ed, where the .cuſhion is in cloſe contact with 
the cylinder, The electric matter, agree- 


able to the law obſerved by all other elaſtic 


fluids, is preſſed towards that part where it finds 
leaſt reſiſtance ; the ſame inſtant, therefore, that 
the cylinder is ſeparated from the cuſhion, the 
fire iſſues forth in abundance. The more per- 
fect the continuity is made, and the quicker 
the ſolution of it, the greater is the quantity 


which will proceed from the cuſhion. But, as 


the fluid in this ſituation will enter with avidity 


every 
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every conducting ſubſtance that 1s near it, if, 
any amalgama lies above that part of the cu- 
ſhion which is in contact with the cylinder, 
it will abſorb and carry back part of tlie electric 
fire to the reſervoir from whence it was extract- 
— 
If theſe conjectures be true, to excite an 
electrical machine effectually, we muſt, 

1ſt. Find out thoſe parts of the cuſhion 
which are preſſed by the glaſs cylinder. 

2d. Apply the amalgama only to thoſe 
parts. 

3d. Make the line of contact between the 


cylinder and cuſhion as perfect as poſſible. 


4th. Prevent the fire that is collected from 


eſcaping. 


About the year 1772, I applied a looſe flap 
of leather to the front of the cuſhion ; the amal- 
gama was ſpread over the whole of the flap; 
the cuſhion was then put in its place, and the 
looſe flap of leather doubled down, or rather 
turned in, more or leſs, till by ſucceſſive expe- 
riments the ſituation was diſcovered which pro- 
duced the greateſt effect; for, by this means, 
the quantity of amalgama acting againſt the 
cylinder was leſſened, and the true line of con- 
tact in ſome mealure aſcertained. Hence I was 
naturally led to contract the breadth of the cu- 

ſhion 


__— 


* * ——_ „„ "EE <= 
— — = _ — A — — Wo * Frog — hy 
* 3 - — — = | —+ — 3 = 
WES A ICT. rr 2 — * — * — — - 
— - - — - 2 — Cx —— — — — — 
- %s 2 


= — 
* — 
— — 
- 


—— 
— — - 


RR "+>, , _—_— 
m—— — — 


- 8 ts _—_ — 
P ' = „ K — 


28 nr e 


ſnion, and place it in ſuch manner that it might 
be eaſily raiſed or lowered. 

To find the line of contact formed between 
the cylinder and cuſhion ; place a line of whit- 
ing which has been previouſly diſſolved in 
ſpirits of wine, on the cylinder, on turning this 
round the whiting 1s depaſited on the cuſhion, 
and marks the places which bear againſt the 
cylinder. The amalgam is to be put on thoſe 
parts only, which are thus marked by the whit- 
ing : or, this line may be aſcertained, by ob- 
ſerving the parts of the cuſhion which gather 
the duſt from the cylinder, and laying the a- 
malgam on thoſe parts. 

The line of contact being found and the 
amalgam placed on it; the cylinder is to be 
rubbed with a piece of leather which is cover 
ed with amalgam; this renders the contact 
between the cylinder and cuſhion more perfect, 
by filling the ſmaller pores of the glaſs with 
amalgam, and depoſiting the ſuperfluous parti- 
cles on the cuſhion ; it is alſo probable that the 
amalgama, thus depoſited on the ſurface of the 
glaſs, forms a continued ſeries of conducting 
particles, which carry the fire to the prime con- 
ductor, and, under certain circumſtances, back 
again to the cuſhion, When the cylinder 1s 

rubbed 
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rubbed with the amalgamated leather, that part 
of the oil, or black filk, which lies above the 
cuſhion, is to be turned back, and if, by acci- 
dent, any particles of amalgama ſtick to it, 
they muſt be wiped off carefully, If the ma- 
chine has not been uſed for ſome time, it will 
be proper to place it, for a few minutes, before 
a fire, and then take off the cuſhion and dry the 
ſilk. | 

If the electricity of the cylinder grows leſs 
powerful, it is eafily renewed by turning back 
the filk which lies over it, and then rubbing 
the cylinder with the amalgamated leather, or 
by occaſionally altering the preſſure of the ad- 
juſting ſcrew. 

A very ſmall quantity of tallow placed over 
the amalgama, 1s obſerved to give more force 
to the electric powers of the cylinder; the 
fame end 1s anſwered by rubbing the cylin- 
der, with a coarſe cloth that has been greaſ- 
ed a little, and afterwards wiping the cylinder 
with a clean cloth. 
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When the cylinder is put into good action, 
a number of circular lines of fire will iſſue from 
the cuſhion; preſent a row of metallic points 

towards 
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towards theſe, and they will difappear. The 
conducting ſubſtance collects the electric fluid 
before it can take thoſe appearances, or be diſ- 
ſipated into the air. 

Hence we learn, that to prevent a loſs of the 
electric fluid which is excited, we muſt pre- 
vent the air from acting on the fluid, which is 
put in motion by the excitation; for the air 
not only reſiſts the emiſſion of the fluid, but 
alſo diſſipates what is collected by means of 
the conducting ſubſtances, which are continu- 
ally floating in it. | 

Theſe ends are effectually anfwered by letting 
a non- conducting ſubſtance, as a piece of black 
or oiled ſilk, proceed from the line of contact to 
the collecting points of the prime conductor, and 
placing theſe points within its atmoſphere. The 
ſtreams of fire which proceed from the cuſhion 
over the cylinder, ſhew whether the cuſhion 
bears unifortnly, againſt the cylinder; for they 
are moſt copious and denſe at thoſe parts where 
the preſſure is greateſt, but are uniformly denſe, 
when the preſſure 1s equable. 

When the zinc amalgam is uſed, the ſilk will 
ſometimes adhere ſo ſtrongly to the cylinder as 
to render it very difficult to turn; to obviate this, 
wipe the ſilk perfectly clean, and then rub it over 

. with 
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with a very ſmall quantity of aurum muſivum 
or a little whiting. 

The operator aught not to think his machine 
in good order till it pours forth the fire in 

at abundance, and ſtrong denſe ſparks 
are obtained in quick ſucceſſion from the con- 
ductor. When the conductor is removed, the 
fire ſhould fparkle round the cylinder, and 
throw but many beautiful bruſhes of light. 

Two kinds of amalgama are much in requeſt 
at prefent. One is made of quickſilver five 
parts, zink one part, melted together with a 
ſmall. quantity of bees-wax : the other is the 
aurum muſivum of the ſhops. I find it diffi- 
cult, after many trials, to ſay which of theſe 
act the beſt. To make the amalgam adhere 
cloſely to filk, it is neceſſary to greaſe this, then 
wipe off as much of the greaſe as you can, and 
afterwards ſpread the amalgam. | 
The following experiment ſeems to illuſtrate 


and confirm the foregoing conjectures on the 


mechaniſm by which the fluid is extracted 
from the cuſhion, and the bodies connected 
with it, | | LE, 
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EXPERIMENT VIII. 


Break a ſtick of ſealing-wax in two pieces ; 
thoſe extremities that were contiguous will be 
found electrified with contrary powers; one will 
be poſitively, the other negatively, electrified. 

Every electrical machine ought to be fur- 
niſhed with an inſulated cuſhion and two prime 


conductors, one for poſitive, the other for ne- 


gative electricity; as by theſe, either electri- 
city is produced at pleaſure, a greater number of 
experiments may be performed, and the proper- 
ties of the electric fluid more eaſily explained; 


EXPERIMENT IX. 


Put the machine in action, connect the cu- 
ſhion by a chain with the ground, and thoſe 
bodies which communicate with the poſitive 
conductor will be electrified poſitively. Con- 
nect the poſitive conductor with the earth by a 
chain, take off the chain from the cuſhion, 
and thoſe bodies which communicate with the 
negative conductor will be electrified nega- 
tively. | 

EXPERIMENT X. 


Connect the poſitive conductor by a chain 
with the table; turn the cylinder, and the 
cuſhion 
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cuſhion will be found to be negatively electri- 
fied, Take the chain off from the poſitive | 
conductor, and both will exhibit ſigns of elec- 
tricity ; but any electrified body which is at- 
other. If they are brought ſufficieritly near to 
each other, ſparks will paſs between them, and 
they will act on each other ſtronger than on any 
other bodies. If they are connected together, 
the electricity of the one will deſtroy that of 
the other; for though it ſeems to proceed 
from the cuſhion to the conductor, the two, 
when thus conjoined, will exhibit no ſigns of 
electricity, becauſe the fire is continually circu- 
lating from one to the other, and is kept 
always in the ſame ſtate. 

We ſee, by. this, experiments ine: eleftric 
appearances are produced both in the electric 
which is excited, and the ſubſtance by which it is 
excited, provided that ſubſtance be inſulated ; 
but their electric powers are directly reverſe of 
each „ ee e * 
polite effects. | 
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If the cuſhion and the conductor are both 
inſulated, it is obſerved, that the leſs electric 
D fluid 
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fluid is obtained, the more _ the inſulation 
is made. 

The moiſture which is at all times floating 
in the air, together with the ſmall points, from 
which it is impoſſible totally to free the cuſhion, 


do not permit it to be perfectly inſulated, ſo as 


to afford ' ho Topply of electric matter to che 
cuſhion. 

If the ait, and other parts of the apparatus, 
are very dry, little or no electricity will be pro- 
duced in the above-mentioned' circumſtances. 

From this experiment it is inferred, that the 
electric powers do not exiſt in the electrics 
themſelves, but are produced from the earth by 
the excitation of electrics; or that the electric 
matter on the prime conductor is not produced 
by the friction of the cylinder againſt the 


cuſhion, but is collected by that operation from 


it, and from thoſe bodies: which are connected 
wih! TITS 

As Dr. Franklin ſeems to have ſuggeſted this 
idea firſt; - that the electric fluid is collected 
from the earth, I have ſubjoined his own ac- 
count of the experiment which led him to this 
concluſion. i M 1 
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EXPERIMENT XII. 


Let one perſon ftand on wax and rub a glaſs 
tube, and let another perſon on wax take the 
fire from the firſt, they will both of them (pro- 
vided they do not ſtand ſo near as to touch 
each other) appear to be electrified to a perſon 
ſtanding on the floor; that is, he will perceive 
> ſpark on cee either of them with his 
knuckle. 

2. But if the perſons on wax touch one an- 
other during the excitation of the tube, neither 


of them will appear to be electrified. 


3. If they touch one another after the exciting 
the tube, and draw the fire as aforeſaid, there will 
be a ſtronger ſpark between them than was be- 
tween either of them, and the perſon on the 
floor. 

4. After ſuch a ſtrong ſpark neither of them 
diſcover ANY ELECTRICITY. - 

Theſe appearanees he accounts for thus: he 
ſuppoſes the electric fire is a common element, 
of which each of the three perſons has his 
equal ſhare before any operation is begun with 
the tube. 

A, who ſtands upon wax and rubs the tube, 
collects the electrical fire from himſelf into the 
glaſs, and his communication with the common 

D 2 ſtock 
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ſtock being cut off by the wax, his body is not 
again immediately ſupplied. 

B, who alſo ſtands upon wax, paſſing his 
knuckle along the tube, receives the fire which 
was collected from A, and being inſulated he 
retains this additional quantity. - 

To C both appear eleQrified ; for he, having 
only the middle quantity of ele&rical fire, 
receives a ſpark on approaching B, who has an 
over quantity, but gives one to A, who has an 
under quantity. 

I A and B approach to touch each other, the 


ſpark is ſtronger, becauſe the difference between.. 


them is greater. After this touch there is no ſpark 
between either of them and C, becauſe the 
electrical fluid in all is reduced to the original 
equality. If they touch while electrifying the 
equality is never deſtroyed, the fire is only 
circulating : hence we ſay, that B is Gra 
poſitively, A negatively. 

As thoſe experiments have been. af cnbed, 
which are the foundation of our preſent know- 
ledge in electricity, I hope it will not be 
deemed improper to introduce in this place” 
thoſe hyphotheſes which have Doo 1 on 
them. ; 

Dr. Franklin's hypotheſis Apen on, and 
may be reduced to, the following principles. 

| 1. That 
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1. That the atmoſphere and all terreſtrial ſub- 
ſtances are full of electric matter. 

2. That the operations of electricity depend 
on one fluid sui GENER1S, extremely ſubtil and 
elaſtic, - | | 
3. Glaſs and other electric ſubſtances though 
they contain a great deal of electric matter, 
are IMPERMEABLE to It. 

4. That the electric matter violently rej 
itſelf and attracts all other matter, 

5+ That conducting ſubſtances are permeable to 
the electric matter through their whole ſubſtance, 
and do not conduct merely over their fur- 
face. 

6. Poſitive electrcity is when a body has 
more than its natural ſhare of the eleQric 
fluid, and negative electricity when it has leſs 
than its natural ſhare. 

The following hypotheſis is extracted from 
the analyfis of a courſe of lectures by Mr. 
Atwood, to which, and Mr. Eeles'philoſophi- 
cal eſſays, I muſt refer the reader for a fulles. 
account of it; in the courſe of this eſſay many 
obſervations will occur, which tend to con- 
firm this, and refute the foregoing hy potheſis. 


— 
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1. That two electrie powers exiſt together 
in all bodies. 

2. Since they counteract each other when 
united, they can be made evident to the ſenſes 
only by their ſeparation. 

3- The two powers are ſeparated in non- 
electtics by the excitation of electrics, or by 
the application of excited electrics. 

4. The powers cannot be ſeparated in electric 
ſubſtances. 

5. The two electricities attract each other 
ſtrongly through the ſubſtance of electrics. | 

6. Electric ſubſtances are impervious to the 
two electticities. 

7. Either power, when applied to an une- 
lectrified body, repels the power of the ſame 
Jort , and attracts the contrary power. hg” 


Bas 
A DESCRIPTION OF SOME PARTS OF THE. ELEC- 


rx APPARATUS WHICH COULD NOT BE RE- 
GULARLY INTRODUCED IN THE BODY OF 
THE WORK. 4 


Fig. 1. Plate II. repreſents a common diſ- 
charging rod; it is generally made of braſs 
wire, with a ball at each of its ends, To dit- 
TY om | charge 
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charge a Leyden bottle with it, hold the ſemi- 


circular part in the hand, place one ball of 


the diſcharging rad on the coating of the phial, 
then bring the other to touch the knob of the 
wire which communicates with the inſide when 
an exploſion will enſue, and the n will be 
diſcharged. | 

Fig. 2. Plate II. is a joined diſcharging rod 
with a glaſs handle, the legs of which may be 
moved and ſet to any given diſtance from each 
other by means of the joint C; the extremities 
of the legs are pointed, the points enter into 
the balls a, b, which ſcrew on the legs, and 
from. which they may be unſcrewed at. plea- 
ſure ; ſo that either the balls or the = may 
be uſed as occaſion requires. 

Fig. 3. Plate II. repreſents the univedſal 
diſcharger; an inſtrument which is of very ex. 
tenſive uſe in forming communications to di- 
rect or convey the electrie ſnock through any 
part of a given ſubſtance. Many examples of 
the utility of this inſtrument will occur in the 
courſe of this eſſay. When the univerſal diſ- 
charger is made on a large ſcale, it is a con- 
venient apparatus to enable a patron aan 
himſelf; ſee fig. 87. 

AB. fig. 3. is the baſe of the waiverſal dil. 
Eun: on this are fixed two perpendicular 

8 glaſs 
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glaſs pilla C, D; an the top of each of theſe is 
oemented a braſs cap, to which is fixed a dou- 
ble joint or one which has bath a vertical and 
horizontal motion, on che top af each joint is a 
ſpring tube which receives the wires, ET, EF; 
thele wires may be ſet at various diftances 
from each other, and turned in any direction; 
the extremities of the wires are pointed, the 
points are covered occafianally by the brafs 
balls, which are made to fit on the wires by 
fpring fockets: GH is a ſmall wooden table, 
on the ſurface of which a flip of ivory is inlaid : 
this table is furniſhed with a cylindrical ſtem, 
which fits into a cavity of the pillar I; it may 
be raiſed occaſionally to various heights, and 
fixed at any one of them by the ſcrew K. 
Fig. 4. Plate II. is a little wooden preſs, fur- 
niſhed with a ftem,. which fits the cavity in the 
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Pillar I, fig. 3, into which it is to be placed 


occafionally, when the table G H is removed. 
The preſs conſiſts of two boards, which are 
3 — to 7 cack other by means of the 
ſcrews 2 a. 

Fig. 5f. Plate u. is Mr. Kinnerſley's electri- 
2 thermometer; a b is a glaſs tube, on 
each end of which a braſs cup is cemented ; c d 
is a ſmall glaſs tube, open at both ends, which 
paſſes thryugh the upper, and deſcends nearly 
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+6 the under plate a box ſcalee, which is di- 


vided into inches and tenths of inches, is fitted 
to the upper part of this tube; g is a braſs 
wire with a ball on it, which is ſcrewed to the 
under plate, a ſimilar wire f h is made to paſs 
through a collar of leathers on the up per plate 
and may bo placed at any convenient Amer 
from the lower wire. 

Electricians have lain witet fetm en 
ment which would aſcertain, in an exact and 
invariable manner, the degree of electricity 
excited when any experiment is made. Far this 
purpoſe a great many contriyances have been 
propoſed and executed, which, upon trial, are 
all found to be very defective. 

An electrometer ought to have the following 
properties, 

1. It ſhould be ſimple in its conſtruction, 
and not compoſed of many parts. | 

OR OE ITE GPS 
of the atmoſphere. * 

J. It ſhould indicate fmali as wel as large 
degrees of electricity. | 

4. Not to W any fixed mea- 
mw 


. The Sls power ſhould be expreſſed N 

E; a fixed and n m_ as that of gra- 
dur. 3 | 
6. That 
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6. That the obſerver be enabled to read off 
che diviſions at a diſtance, which will prevent 
his — the influence ofa: the electric 


powers. 


Plate II. Fi ig. 6 e che wah 


e lectrometer the moſt uſeful inſtrument of the 
kind yet diſcovered, as well, for meaſuring 
the degree of electricity of any body; as to aſ- 


certain the quantity of a charge before an ex- 


ploſion; and to diſcover. the exact time the 


electricity of a jar changes, when. withaut 
making an exploſion, it is diſcharged by giving 


it a quantity of the contrary electricity. The 


pillar L M is generally made of wood, the 
graduated arch NO P of ivory, the rod RS 
is made of very light wood, with a pith ball 
at the extremity; it turns upon the centre of 
the ſemicircle; ſo. as always to keep near its 
ſurface ; the extremity of the ſtem LM may 
either be fitted to the conductor or the knob of 
a jar. When the apparatus. is electrified, the 
rod is repelled by the ſtem, and moves along 
the graduated arch of the ſemicircle, ſo as to 
mark the degree to which the conductor is elec- 


trified, or the height to which the charge al the 


gar is advanced. | 
Beccaria recommends =o the index bes 


tween two ſemicircles, becauſe when it is 
placed 
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placed over one only, the electricity of this re- 
pels and counteracts the motion of the index. 
Other improvements and variations have been 
made 'in this inſtrument, which wil be de- 
ſcribed hereafter. - 

Nlate II. Fig. 9, is an electrometer which was 

contrived many years ſince by Mr. Townſend, 
to aſcertain the real force of the electric explo- 
ſron. ab is a ſmall ivory plate, e a looſe cone 
of ivory to be placed on the plate a b, e f g, a 
circle which turns freely on two centres, an arm, 
d, of wood proceeds from this circle and lyes 
on the cohe of ivory. The diſcharge is made 
to paſs under the cone which throws up the arm 
d, the elevation of which is marked by the index 
h; a piece of filk ſtring is fixed at one end to 
the bottom board at i, and paſſes over the wheel, 
a weight k is tied to the other end to r the 
friction of the circle e f g. 
Fig. 8 is an inſulating ſtool ; the feet are of 
glaſs. When it is uſed, the inſulation will be 
rendered more perfect by placing a ſheet of pa- 
per well dried under the feet of the ſtool. - 
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AN, ESSAY ON 


THE PROPERTIES OF ELECTRIC ATTRACTION 
AND REPULS$SION, ILLUSTRATED BY EXPERT» 
MENTS ON LIGHT news, 95000 


ATURAL philoſophers were originally 
incitcd to conſider the nature of electri 
city from its ſtrong attractive and repulſive 
powers. The phœnomena exhibited by thoſe 
myſterious properties are ſo various and ſo 
pleaſing, that they were led, as by enchant. 
ment, to purſue the ſubject; and have been 
richly rewarded by the diſcoveries which are 
both intereſting and 1 important. 
The powers of genius have denn el 
with induſttious ardour to. inveſtigate the cauſes 


of thoſe properties; but they are, ſtill involved 


in deep obſcurity, and we are {till totally igno- 
rant of that mechaniſm by which light bodies, 
when electrified, approach or recede from each 

other. ol Ai 8 F 
To enter into a diſcuſſion of the difficulties ® * 
which perplex this ſubject, would lead me too 
far 


4 # Qui pourroit concevoir qu'un corps agit o il n ft 
“pas; fans aucun intermede 5. Deux particules de matiere 
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far from the deſign of this eſſay; I ſhall, there- 
fore; proceed to ſtate thoſe general properties, 
or modes of action which are obſerved in elec- 
tric attraction and repulſion, and then deſcribe 
the experiments from which thoſe properties 
have been or ag or by which _ are inuſ- 
trated. g 


CENERAL PROPERTIES OF ELECTRICAL AT- 
TRACTION AND. REPULSION, 


1. The electric fluid, when in . diſ- 
poſes or places light bodies in ſuch manner as 
will beſt facilitate its tranſmiſſion through them, 
with the greateſt velocity; and this in propor- 
tion to the gravity of the body, its — 
power, and the ſtate of the air. 

2. Bodies that are electrified poſitively repel 
each other. 

3. Bodies electrified negatively repel eachother. 

4. Bodies electrified by contrary powers at- 
tract each other ſtrongly. 

5. Bodies that are electrified, attract thoſe 
ſubſtances which are nat clefrified. 


e ſont à cent milles lieues, ou à cent milliemes parties 
dun ligne de diſtance l'un de l'autre, ſans aucune com- 
© munication materielle entrelles, et à Pocaſion de Pune 
autre ſe mouvroit !!” De Luc, Lettres Phyſi- 


ques, &c. f 
| 6. Thoſe 
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6. Thoſe ſubſtances that are brought within 
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the influence of electriſied bodies, become poſ- 
ſeſſed of a contrary electricity; or electtiſied 
ſubſtances, without parting with their own 
electricity, act upon other bodies in their neigh- 
bourhood, producing in them an electricity 
which is contrary to their own, or bodies which 
are immerged in an electric atmoſphere always 
become poſſeſſed of an electricity contrary to 
that of the body in whoſe atmoſphere they 
are immerged. | 

The experiments deſcribed in this chapter 
are ſimple, eaſily preformed, and certain 
in their reſults; and, though they may at firſt 
ſight appear to be trifling, yet, on an attentive 
examination, they will be found of conſiderable 


importance, as they afford a clue to inveſtigate 


and explain a variety of electric phenomena, 
and exhibit, in a ſtrong point of view, ſome of 
the contrary effects of negative and poſitive 
electricity. 

Theſe experiments may all be made with a 
ſmall and portable apparatus; conſiſting gene- 
rally of two braſs tubes, as A and B, fig. 22. 
each of theſe is ſupported on a glaſs pillar G, 


14 hy! 

1 8 which ſcrews into a wooden foot H, a pair of 
1 X 6 

e ſmall pith balls ſuſpended on linen threads, as 
41 I, K, fit upon each tube by means of a ſmall 


braſs 
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braſs ring; theſe tubes, with a piece of ſcaling 
wax or a glaſs tube, are ſufficient to illuſtrate 
the greater part of the experiments in- this 
chapter, as well as ſome bad the Pg. = 
nomena in electricity! | 

The apparatus will be mur * com- 
plete, when it conſiſts of four” * _ with 
their ſtands. 

Mr. Wilſon, in a maſterly tract on this ub 
ject, entitled, A ſhort View of Electricity,“ 
has, with a ſimilar apparatus, explained and 
illuſtrated all its general principles. 


EXPERIMENT XIII. 


Touch a pair of ;nfolued ey balls 1 an 
e glaſs tube, they will become electrified, 
and will ſeparate from each other; the balls 

are electrified poſitively, and are therefore at- 
es by excited wax, and repelled by ex- 
cited glaſfs. 
Ass thoſe light ſubſtances, hich. poſſeſs 
the ſame electric power, repel - each o- 
ther; we can eaſily diſcover whether they are 
electrified pofitively or negatively, by preſent- 
ing an excited ſtick of ſealing wax or glaſs to 
them. If they are attracted by the glaſs they 
are negatively, if repelled by it they are poſi- 
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tively ele&rified ;—on the contrary, if repelled 


by the excited on iy a eee 
traced, poſitive. | 

In aſcertaining the nature of che electric 
powers, we muſt avoid bringing the bodies to 
be trieck near each other ſuddenly; or one with 
a ſtrong electricity near another which is weakly 
fo; as it may render the experiment doubt - 
ful by attracting and not repelling the light 


7 


Hold an excited glaſs tube over one of the | 


braſs tubes, but at ſome diſtance from it, part 
of the natural quantity of electricity contained 
in the braſs tube will be driven into the pith 
balls that are annexed to it, by the excited glaſs, 
the balls will diverge with poſitive electricity; 


remove the excited glaſs, the balls will then 


return to their natural ſtate and cloſe. 

If the excited glaſs continues in its place 
the balls will continue to be repelled ; for the 
excited electric will always continue to feparate 
the powers of electricity, or in other words 
to force a quantity from the ſurface of the 
tube; and will alſo prevent its return, ſo long 

as 
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2s it continues of the ſume farce, and acts . 


ſame diſtance. 419318 5d 3on 117 


The” nearer the excited electric i is brough 
the greater is the effect. 3 

The ſphere of action of 6 an exched eleQric 
has been diſtinguiſhed into two parts, ons tErmed 
the'spHERE OF INFLUENCE, in which the balls 
will ſeparate, but cloſe hen the electrie is re- 


moved; the other is called the spHENHE or 


communI6ATION, in this the force acquired 
by the balls remains after” the chen ebenes 
is removeds ce, BY 


— 
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Electrify the pith balls that ate fuſpended 
from the .brafs: tube, A, fig. 27, then bring the 
end of this tube in contact with the end of the 
tube B, the balls of which are un-eledrrified,; 
the ſtoc of electricity given to the tube A will 
be equally divided between each pair of balls, 
thoſe of the tube Bell open, and thoſe ad A 
will eloſe a little. 4, 2M d 


5 , 4, TY. 8 


* a + „ c 4% * : : | * 14 — 


Ek X r E K 1 MENT XVI. 


Electrify the tubes A and B, fig. 27, equally: 
and with the ſame power, put the ends of the 
E tubes 
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tubes together, and the — —— 
will not be altered. 


EXPERIMENT xv. 


Electrif the tubes equally, but with the dif- 
ferent powers, one with glaſs, the other with 
wax, bring the ends of the tubes in contact, and 
the balls will cloſe. | 

We learn from theſe experiments, that the 
poſitive and negative powers eounteract each 
other ; whence, if both are applied at the ſame 
time to any body, the electricity it acquires will 
be only the difference of the two, and conſequent- 
ly that of the ſtrongeſt. | 


EXPERIMENT XVII. 


Hold an excited glaſs tube to one of the braſs 
tubes, touching this tube. at the ſame time with 
your finger, part of the natural quantity of the 
electrical fluid reſident in it will be forced by 
the excited glaſs tube into the finger, remove 
at the ſame inſtant the finger and glaſs, and the 
balls will remain negatively elefrified, 


„ 
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EXPERIMENT XIX. 


Place the braſs tubes, A and B. fig. 22, in 
a ſtrait line with their ends in contact, hold the 
excited glaſs over the tube A, part of the elec- 
tric fluid naturally reſident in this will be driven 
into B; ſeparate the tubes, the balls of A will be 


| negative, and thoſe of B will be in a poſitive 


ſtate. Bring them together again, and the balls 


| will cloſe d + 


The tube A was in the foregoing experiment 
electrified with the negative power, B with the 


_ poſitive; but when they were brought together 


the equilibrium was reſtored ; evincing that no 
addition of electric matter was communicated 
to them; but that the natural powers of elec- 
tricity reſident in the tubes, were ſeparated by 
the atmoſphere of the excited electric; and 
proving the CO-EXISTENCE of the two powers in 
every ſubſtance, For the electric fluid, accord- 
ing to Mr. Eeles, conſiſts of two elaſtic me- 
diums, which equally and ſtrongly attract each 
other, and are attracted by all other matter. 
Therefore when any body is immerged in an elec- 
tric atmoſphere, this atmoſphere repels the pow- 
er which 1s of the ſame kind in the body, and 
equally attracts that which is of a different kind 

E 2 in 
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in the ſame body, and while theſe bodies remain 
immerged in this atmoſphere, the powers remain 
ſeparated, different atmoſpheres exiſting and act. 
ing at each end. But when the electric is re- 
moved the two powers inſtantly join and becom- 
ing * do not exert any ſenſible action. | 


* * r xx. 

Inſulatb a N metllic "ney dulpend a pair 
of pith balls from each end of it, place one of 
the ends at about two inches from the prime 
conductor, the other end as fan from it as poſſi- 
ble, electrify the conductor, and the. electric 
fluid in the rod will be driven toſthat end which 
is furtheſt from the conductor; ſo, that one end 
will be electrified negatively, the other end po- 
ane as will be ſeen by che balls. | 


3 3524 | 1 10 91%) 
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4 A, * of excited wax to the ks D, 
fig. 23, as at A, While it remains there the balls 
I open with negative electricity; raiſe the Wax, 
as at B, and the balls will cloſe; raiſe it ſtall 
higher to C, and they will pen with > pokitive 
electricity ni A, | 
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EXPERIMENT XXII. 


Excited glaſs held over the middle of the 
tube A, fig. 24, forces ſome part of the natural 
quantity of electricity of A into the balls, and 
ſome part out at the two ends into the air. 
During this experiment, the balls of A are re- 
pelled by glaſs, and are therefore in a poſitive 
ſtate; but, after the excited glaſs is removed, 
they in a very little time change to a negative 
ſtate, becauſe part of the natural quantity had 
eſcaped from the pointed ends into the air, 
while the glaſs was held over the tube; but, 


0 when the ;glaſs 1 IS removed, the over-charge in 
: 4 the balls will of courſe return, and diffuſe itſelf 
J equally in the tube, but as this is not ſufficient 
" to balance the loſs ſuſtained, the tube, thread, 
and balls muft be in a negative ſtate “. 
Eh, EXPERIMENT xxIII. 
- Place three tubes, 1 B, C, fig. 25, in a 


line near to, or in contact with, each other; ; 
| excited glaſs held over A forces out part of the 
ill 

Lp natural quantity of fluid contained in A into 


Band C; ſeparate A from Band C A will be 
| ol elec- 


x - * Wilſon's Short View.of Electricity, p. 7. 
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electrĩfied negatively, B and C will be in a poſi- 
tive ſtate. Put the three tubes into their former 
ſituation, the equilibrium will be reſtored, and 
the balls will collapſe *. 


EXPERIMENT XXIV. 


Place four tubes, as A, B, C, D, fig. 26, 
in contact with each ather ; excited glaſs held 
over A forces part of the fluid contained in it 
into B, the quantity received in B vill force 
out a certain portion from C into D; the mo- 
ment before the excited glaſs is removed from 
A, ſeparate B and D from A and C, after 
which it will be found, that A and C are in a 
negative, and B and D in a poſitive ſtate “. 


EXRERIMENT XXV. 


Excited glaſs held at about one inch diſtance 
from the end B, of a ſolid cylinder of glaſs B, D, 
fig. 28. Plate III. which is fix feet long, and 
about half an inch diameter, will force part of 
the fluid at the end B towards the remote end 
D; but, in doing this, the natural quantity 
belonging to the glaſs will undergo ſeveral al- 
terations, which are diſcovered by the effect an 

| | excited 


* Ibid. p. 9. 
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excited glaſs tube has on a number of pith balls, 
which are ſuſpended at equal diſtances from 
each other between B and D; in alittle ſpace 
of time the electricity of theſe is changed, thoſe 
that were poſitive will become negative, and 
thoſe that were negative will become poſitive. 

If the excited glaſs is held jn contact with 
the end B, the additional quantity received at 
B will, in going towards D, cauſe ſeveral al- 
terations in the denſity of the fluid in B D, but 
theſe alterations will be converſe to the former, 
and after a little time will alſo be reverſed. 

It may be inferred from theſe experiments, 
that whenever the electric fluid in any body be- 
comes ſuddenly more denſe in any one part, 
the fluid in the neighbouring parts will be 
more rare, and vice verſa. Theſe alternate 
changes of rarity and denſity muſt, from the 
nature of an elaſtic fluid, continue to oſcillate 
many times backwards and forwards before the 
fluid can be at reſt ; though, when theſe mo- 
tions are weakened to a certain degree, they are 
imperceptible to the obſerver *. 

Moſt of the preceding experiments may be 
made with cylinders of woqd or glaſs inſtead of 
braſs. When Es is uſed it muſt be kept dry 


It 
* Ibid, p. 18, 
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It is not improbable that the attractive and 
repulſive motions of electrified bodies, are ow- 
ing to the alternate condenſation and dilatation 
of the electrĩo fluid on the ſurface of theſe bo- 
dies, as they are naturally carried 3 chey 
meet with the. leaſt reſiſtance, | 

That there is a vibratory motion or dug 
between the electric fluid, when in action, and 
the air, is evident from that ſenſation which is 
felt when, a ſtrongly excited electric is brought 
near any part of the human body; and is ſuch 
as would be occaſioned by a ſpider's web drawn 
lightly along the ſkin. This'\circumſtance! is 
rendered more clear by an experiment made by 
Dr. Prieſtley, in order to diſcover whether elec- 
tricity was concerned in the freezing of wa- 
tere: 1 N ani ein 

To | | | i 10 ohn! 
EXPER! MENT XxVY. WY un 


Po ” n 
9. 1 I + 


He eee two diſhes with water in the open 
air in the time of a ſevere froſt, one of them he 
kept ſtrongly « electrified, and eoulh obſerve no 
difference in the HE when it began to freeze, 
or in che thickneſs of the ice when it had been 
frozen ſome time bur he obſerved, on each 
ſide of the electrified wire, the ſame dancing 
vapour which is ſeen near the ſurface of the 


earth 


Ex 


a . ® 2, 


v. 
n 
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earth in a hot day, or at any time near a body 
ſtrongly heated. 


EXPERIMENTS | oN THF ATTRACTION "AND RE- 
PULSION OF EXCITED SILK RIBBON, 

SOT xXxvrr. 

Put a black and white ribbon together, and 
draw them through the fingers; by this oper- 
ation the white ribbon will be electrified poſi- 
tively, the black negatively, and will conſe- 
quently attract each other. | 


EXPERIMENT XXVIIL. 


Lay either of the ribbons upon a quire of 
paper, and draw over it amber, ſealing-wax, 


or any other negative electric, the en will 


be excited poſitively. 
If pofitive electrics are drawn over the rib- 
bons, they will be excited negatively. . 


EXPERIMENT XXIX. 

A piece of flannel and a black ribbon will 

excite as well together as a black and white 
ribbon. | 

E X- 
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EXPERIMENT XXX, 


Dry two white ſilk ribbons at the fire, ex. 

tend them on any ſmooth plane, draw the edge 
of a ſharp ivory rule over them ; while they 
continue on the plane they do not ſeem to have 
acquired any electricity, yet when taken up 
ſeparately, they are obſerved tq be negatively 
electriſied, and. repel each other. 
When they are ſeparated from each other 
electric ſparks are perceived between them, but 
when they are again put on the plane, no light 
is perceived without a ſecond friction. | 


EXPERIMENT XXX1L, 


Place the ribbons on a rough conducting ſub- 
ſtance, rub them as *before, and they will, on 
their ſeparation, ſhew contrary electricities, 
which will alſo diſappear when they are joined 
together. 

If the ribbons are made to repel each other 
and then joined together, and placed on the 
fore mentioned rough ſubſtance, they will in a 
_ few minutes be mutually. attracted; the upper- 


moſt being e the undermoſt — 
electtified. 


When 


ut 
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When two white ribbons receive their fric- 
tion on a rough ſurface, they always acquire 
contrary electricities; the upper one is ne- 
gatiyely, the lower one poſitively, electrified. 


EXPERIMENT XxxXII. 


When two ribbans are made to repel each 


bother, draw the point of a needle lengthways 


down one of them, and they will ruſh toge- 
ther, 


EXPERIMENT XXXII, 


Bring an electrified ribbon near a ſmall inſu- 
lated metallic plate, it will be attracted but 
feebly ; bring a finger near the plate, a ſpark 
will be obſerved between them, though both 


tagether ſhew no ſigns of electricity; on the 
ſeparation of the ribbon they again appear to 


be electriſied, and a ſpark is pexceived between 
the plate and the ht 


EXPERIMENT XXxXxIV. 


Lay a number of ribbons of the ſame colour 
vpon a ſmooth conducting ſubſtance, draw the 


wory rule over them, take them up fingly, and 
each 
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each will give a ſpark at the place where it is 
ſeparated from the other ; the laſt will do the 
ſame with the conductor; they are all nega- 
tively. ele&rifzed, Take them from the plate 
together, they will all cohere in one maſs, 
which is negatively electrified on both fides. 


EXPERIMENT NXXXV. 


Let them be placed on à rough conducting 
ſubſtance, and then be ſeparated ſingly, begin- 
ning with the lowermoſt, ſparks appear as be- 
fore, but all the ribbons will. be electrified po- 
ſitively except the uppermoſt. If they receive 
the friction upon the rough conductor, and are 
all taken up at once, all the intermediate rib- 
bons acquire the electricity of the higheſt or 
loweſt, according as the ſeparation is begun 
with the higheſt or the loweſt. | 

The following very curious obſervations and 
experiments were made by Mr. Symmer. He 
had been accuſtomed to wear two pair of. filk 
ſtockings, a black and a white, when theſe 
were pulled off: both together no ſigns of elec- 
tricity appeared; but, on pulling off the black 
ones from the white, he heard a ſnapping; or 
cracking .noiſe; and in the dark perceived 
ſparks between them. To produce this and 
JED the 
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the fbltowing appearances in great petfection, 
it was only neceſſary to draw his- hand deveral 
times backward and ITO over his leg with 
the ſtockings upon it. 
When the ſtockings were ales and held 
at a diſtance from each other, both oftheriaap- 
peared to be highly exdited; the white ſtocking 
poſitively, the black negatively. While they 
were kept at a diſtance from each other, both 
of them appeared inflated to ſuch a degree that 
they , exhibited . the 'Intire ſhape of che leg. 
When two black or two white ftockings are 
held. in:one hand, theyirepel one another with 
confidetable force. When a white and 4 black 
ſtocking are preſented to each other they tare 
mutually attracted, and ruſh together, if per- 
mitted, with great violence. Ag! they ap- 
proach the inflation gradually ſubſides, and 
theit attraction of fofdign objects diminifhes, 
but their attraction of one another increaſes ; 
when they actually meet, they become flat and 
joined cloſe together, like ſo many folds of 
filk ; when ſeparated again, their electric virtue 
does not ſeem to be in the leaſt impaired for 
having once met. The ſame appearances will 
be exhibited by them for a confiderable time. 
When the ſtockings were ſuffered to meet, 
they ſtuck together with conſiderable force; 
. ar 
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at firſt Mr. Symmer found they required from 
one to twelve ounces to ſeparate them. Ano- 
ther time they taiſed 17 ountes: Getting the 
black ſtockings new dyed, and the white ones 
waſhed, and whitened in the fumes of new ſul- 
phur, and then putting them one within the 
other, with the rough fides together, they re- 
quired three pounds three ounces to ſeparate 
them. When the white ſtocking was put within 
the black one, ſo that the outfide of the white 
was contiguous to the infide of the black, they 
raiſed nine pounds, wanting a few ounces ; 
when the two rough ſurfaces were together, they 
raiſed fifteen pounds, one penny weight and a 
half.* 


*The Rev. Mr. Lyons has made many curious expe- 
riments on the attraction of ribbons ; their coheſion; &c. 
See Lyon's Experiments and Obſervations on Electricity. 
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ENTERTAINING EXPERIMENTS BY THE ATTRAC- 
TION AND REPULSION OF LIGHT BODIES, WITH 
SOME REMARKS ON ELECTRICAL ATTRACTION. 


E W philoſophical ſciences afford fo 
much entertainment as electricity: in it 
the uſeful and agreable are intimately blended; 
and the philoſopher, while he is inveſtigating 
the abſtruſe parts, is entertained by the variety 


and beauty of the experiments, which confirm 
or diſprove the hypotheſis he wiſhes to eſtabliſh. 


EXPERIMENT XXXVI. 


Fix the end A of the wire AB, Fig. 10, in 
the ſmall hole which is at the end of the prime 
conductor; turn the cylinder, and the feathers, 
which are connected with the wire by linen 
threads, will ſeparate from each other; the 
fibrous and downy parts will become turgid, 
and expand in a pleaſing manner, in a variety 
of directions. 

Preſent a metallic point, the finger, or any 
other conducting ſubſtance to the feathers, the 
downy parts thereof will immediately collapſe, 

the 


anct if ects with fromthe: air. 5 
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the divergence of the feathers will ceaſe, and 


they will approach each othet, andcling round 

the non- electric body. 

The feathers ſeparate from each other, and 

tend towards une lectrified bodies, from the 

effort made by the electricity which is commu- 

nicated to them to diffuſe itſelf, and the reſiſt- 
11917015 
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Fix, the end C of the wire c D, Fig. a 41, in- 
to the. hoke: at the end of the conductor, put 
the machine in action, and the two ſmall balls 
e d, will recede from each other. Bring a 
conducting ſubſtance within the ſphere of their 


action, and they will fly towards it; touch the 


conductor , with. a non: electric, and they will 
immediately come together. 

The balls do not always diverge ſo much as 
might be expected from the action of their at- 
moſpheres, becauſe they are influenced by that 


of the conductor. 


The balls, or feathers, will ſeparate, &c. in 
the ſame manner, if they are annexed to a ne- 
gative conductor. 


E X- 
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EXPERIMENT XXXVIII. 


Preſent a fine thread towards an electrified 
conductor; when it is at a proper diſtance, it 
will fly towards, and ſtick to the conductor, 
and convey the electric fluid from it to the 
hand; remove the thread to a ſmall diſtance 
from the conductor, and it will fly backwards 
and forwards with great velocity, and in a very 
pleaſing manner: preſent the ſame thread to- 
wards one that hangs from the conductor, they 
will attract and join each other. Bring a non- 
electric body, as a braſs ball, near theſe threads, 
the ball will repel that held by the hand, and 
attract that which is affixed to the conductor: 
the upper thread renders the braſs ball nega- 
tive, and therefore goes towards it ; while the 
under thread, which is alſo negative, is repel- 
led. Let the ball be brought near to the lower 
part of the under one, and it will be attracted 
by it. The junction of the threads ariſes from 
the effort the electric fluid makes to diffuſe it- 
ſelf through them. 


z -< 
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„ xxxix. 


To the edge of the braſs hoop b c d, fig. 12, 
are faſtened, at equal diſtances from each 
other, ſix or ſeven pieces of thread, about four 
inches long; a wire proceeds from the hoop, 
which fits into a cavity in the pillar D; ze is 
a braſs wire, to one end of which are faſtened 
ſeveral ſmall pieces of thread ; fit the plain end 
of the wire into the hole at the end of the con- 
ductor, place the hoop b c d at right angles to the 
wire Z e, and directly over the threads at the 
end 2; turn the cylinder, and the threads tied to 
the hoop, will be attracted by thoſe which are 


faſtened to the wire 2 e, and will point towards 


each other as ſo many radii of a circle. The 
electric fluid paſſes from the threads of the wire 
into thoſe of the hoop, and thus occaſions the 
ſeeming attraction between them. 

Place the hoop b c d on an inſulating and, 
and when it 1s ſaturated with the electtie mat- 
ter, the threads which are tied to it, will be 
repelled by thoſe of the wire ; touch the hoop, 
and they will be again attracted. If the hand 
is brought near the threads, they will quit their 
central direction, and move towards it. The 
ends of the threads appear luminous in the dark. 


K * 
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EXPERIMENT XL. 


Suſpend the ſmall metal plate F, fig. 13, to 
the conductor by the hook H; place the ſtand 
I directly under it, and the large plate G on 
the top of the ſtand ; the upper part of the 
ſtand I is moveable, ſo that the diſtance of the 
two plates from each other, may be occaſion- 
ally varied. Lay ſmall paper images, or any 
other light ſubſtances, on the under plate, then 
put the machine in action, and the light bodies 
will be attracted and repelled by each plate, 
and move from one plate to the other with con- 
ſiderable velocity. 

The light bodies placed on the under plate, 
become poſſeſſed of an electricity which is con- 
trary to that of the upper plate, and are there- 
fore attracted by it, and acquire the ſame 
electricity with it; they are then repelled, 
and part with this electricity to the ſtand, and 
are again in a proper ſtate to be attracted by the 
upper plate. That theſe bodies cannot be at- 
tracted by the upper plate, till they have ac- 
quired a power contrary to it, or till the equili- 
brium of the fluid in them is diſturbed, will 


be evident from the following experiment. 
F 2 E X- 
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EXPERIMENT XII. 


Remove the under plate and ſtand, hold in 
its ſtead, by one corner, a pane of glaſs, which 
has previouſly been made very clean and dry; 
now, as glaſs does not tranſmit electricity, no 
contrariety in the electric ſtates of the conduc- 


tor and the light ſubſtances can be occaſioned, 


and therefore no attraction or repulſion is ob- 
ſerved. 

If a finger is preſented to the under fide of 
the glaſs plate, the light bodies will be attrac- 
ted and repelled : the cauſe of this will be ſeen 
when the, nature of the Leyden phial is ex- 
plained. 

Mr. Eeles*, ſpeaking of this alternate at- 
traction and repulfion, ſays, they may be 
agreeably varied, by wetting firſt the head of 
the paper images, and when theſe are dry, 
wetting the feet. 647 

«© When you dry the head of one of thoſe 
images, the power thrown out from the con- 
5 ductor, cannot enter the image with the ſame 
&« facility with which the contrary power from 
< the table enters at the feet, which are not ſo 

| dry; 


* Philoſophical Eſſays. Preface, page 25. 
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« dry; this will therefore aſcend to the upper 
« plate and remain there. Reverſe the expe- 
« riment ; dry the feet and wet the head, and 
« the images will fix themſelves to the lower 
« plate. If the image retains ſo much more of 
« the attracted power as will balance'againſt 
« jts weight, than there is of the contrary 
e power which proceeds from the conductor, 
« the image will be ſuſpended between the « 
« plates. 

« This may be effected by making the head 
« of the image broad and round, which does 
« not admit the power coming out ſo readily 
« as the feet, being ſharp, admit the power 
« going in; a minute alteration will make the 
images dance, or remain fixed to one of the 
« plates.“ 


nl. 


; 
EXPERIMENT XIII. 


Place a ſquare piece of leaf braſs or filver on 
the under plate, hold this parallel to the upper 
one, at about five or ſix inches from it, turn 
the machine, and the leaf will then riſe up in- 
to a vertical ſituation, and remain between the 
two plates, without touching either of them. 
Preſent a metal point towards the leaf, and it 
will immediately fall down. 
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EXPERIMENT XLIII. 


Place a braſs ball at K, fig. 14, at the end 
of the conductor, and when the leaf of braſs is 
ſuſpended between the. plate. and ball, move 
the plate round the ball, and, the leaf will alſo 
move round, without touching either ball or 
plate, | 

A glaſs cylinder 1s occaſionally placed nn 
the two metal plates F G, fig. 13, to prevent 


bran, ſand, or other light ſubſtances, beipg 
thrown off. 5 


— 


EXPERIMENT XLIV. 


Place two wires directly under, and parallel 
to, each other, ſuſpend one from the conduc- 
tor, let the other communicate with the table; 
a light image placed between theſe, will, when 
the conductor is electrified, appear like a kind 
of electrical rope - dancer.— See fig. 1.5, 


E n E RIM ENT XLV. 


Cut a piece of leaf braſs, with an obtuſe 
angle at one end, and a- very, acute one at the 
other, preſent the large end towards an electri- 
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fied conductor, and when the leaf braſs is 
within its atmoſphere, let it go; it will then 
fix itſelf to the conductor by the apex of its 
obtuſe angle, and, from its continual wavering 
motion, will appear to be animated. 

The next experiment requires confiderable 
attention to make it ſucceed; as a ſmall differ- 
ence in the apparatus, or in the force of the 
machine, &c. will make it fail : when it an- 
ſwers, it generally affords pleaſure to, and ex- 
cites admiration in, the ſpectators. 


EXPERIMENT XLVI. 


Fix the ring N OP, fig. 16, to the end of 
the conductor; place the plate G, fig. 13, on 
its ſtand J under it, and at a little diſtance from 
it, put a very light hollow glaſs ball upon the 
plate, but within the ring ; turn the cylinder, 
and the little ball will deſcribe an orbit about 
the ring, and turn at the ſame time about its 
own axis : the poles of its rotation are nearly at 
right angles to the plane of its orbit. 


RAPERIMENT. SLVIL 


Fig. 17 repreſents a ſmall ſet of bells, the 
two exterior ones are connected to the wire VY, 
OO „ 
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by a braſs chain, the middle bell and the clap. 
pers are ſuſpended on filk. 

Hang the bells on the conductor by the hook 
R S, let the chain from the middle bell touch 
the table, turn the cylinder, and the clappers 
will fly continually from bell ro dell, as long 
as the electricity continues. 

The braſs chain, which connects the two ex- 


 terior, bells to the conductor, conveys the elec- 


tric fluid to them, which attracts the clappers ; 
theſe, when they have received the electric 


fluid, are repelled by the exterior bell, and at. 


tracted by the middle one, on which they de- 
pofit their electricity; they are t then again at- 
tracted and repelled by the outer bells. Hold 
up, by a filk thread, the chain X, which pro- 


ceeds from the middle bell, and the ringing ' 


will ceaſe, becauſe it cannot convey the elec- 
tric fluid communicated by the la appers to the 
ground, - 

Fig. 18 repreſents a more elegant ets of 
mounting the bells, When this is uſed, the 


knob a, ſhould communicate with the con- 
ductor. 
Fig. 19 repreſents another kind. In this the 


clapper is ſuſpended from the fly b cd, the 
axis of the fly reſts in a ſmall hole on the top of 
the glaſs pillar ef, the upper part of the axis 

moves 
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moves freely in, and is ſupported by, a hole 
in the braſs piece g. Bells of different tones 
are placed round the board h I K. Remove 
the prime conductor, and place this apparatus 
in its ſtead near the cylinder; when this is in 
action, it will cauſe the fly to turn round, the 
clapper will ſtrike each bell in rotation, and 
thus produce a pleaſing and harmonious ſound. 
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Take ten or twelve pieces of thread, each 
about ten inches long, tie them together at the 
top and the bottom, as in fig. 20, then ſuſpend 
them from the conductor; the threads, when 
electrified, endeavour to recede from each 
other, and the knot at the bottom riſing up- 
wards as the repulſion of the thread increaſes, 
will form them into a ſpheroidal figure. 


5 
EXPERIMENT XLIX. 


— 


Bring a downy feather or lock of cotton near 
the end of an excited tube, or the knob of a 
charged Leyden phial, the feather will at firſt 
fly towards the tube, but when it is ſaturated 
with the electric matter, it will recede from it, 
and may be driven about the room by the ex- 

cited 
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cited tube, till it touches ſome non- conductor, 
to which it can impart its electricity. The 
ſame ſide of the feather is always turned to- 
wards the tube; becauſe the electricity ae- 
quired by the feather, is forced by the action 
of the tube, to that fide which i is fartheſt from 
it, which is therefore repelled. | | 

It is eaſy to perceive, from this and the 


foregoing experiments, that it is not the mere 


matter whichis attracted, but that the different 
phœnomena are occaſioned by the ſtate of the 
electric fluid, in thoſe ſubſtances which are in- 
fluenced by the machine. 


EXPERIMENT I. 


Put a pointed wire into one of of the holes 
which are at the end of the conductor, hold a 
glaſs tumbler over the point, then electrify the 
conductor, and turn the tumbler round, that 
the whole interior ſurface may receive the fluid 
from the point; place a few pith balls on the 
table, and cover them with this glaſs tumbler, 
the balls will immediately begin to leap up and 
down as if they were animated, and will con- 


tinue to move for a long time. See fig. 21. 


' This experiment may be agreeably varied 
wut two tumblers. Electrify the inſide of one 
1 Poſitively 


I 


les 


lat 


1d 
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poſitively, of the. other negatively ; put the 
balls in one tumbler, and, then bring the mouths 
of both in contact, the balls will paſs: from 
one to the other, till the contrariety between 
them is deſtroyed. 43d v0 bern 

An electric ſubſtance contained between pa- 
rallel ſurfaces, however düſpoſed, is called an 
electric plate. 


EXPERIMENT In 


Electriſied ſub Rances will attract thoſe which 
are not electrified, although a thin electric 
plate be interpoſed between them,. 


EXPERIMENT IR. 


Bodies cletriged with contrary powers, at- 
tract each other ſtrongly, although an electric 
plate is interpoſed between them: and indeed, 
all thoſe phenomena which depend on the in- 
fluence, of the electric atmoſpheres, may be 
produced, although. an electric is interpoſed: 
between the body and excited electric. 


To account for any of the phenomena of 
cleric attraction and repulſion, is very diffi- 
cult, but more ſo to ſhew why bodies, which 
| are 
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are eleQrified with the ſame power, repel each 
other, particularly thoſe which are negatively 
electriſied. Philoſophers have invented various 


ſolutions of this —— ; the following is 
eſteemed the beſt. 


cc * To underſtand why bodies, poſſeſſed of 
the ſame electricity, repel each other, the rea- 


der muſt be reminded of the following princi- 


ple, viz. that the electric fluid proper to a body, 
can be neither augmented or diminiſhed on the 
ſurface of that body, except the ſaid ſurface 
is contiguous to an electric, which can acquire 
a contrary electricity at a little diſtance; from 
whence it follows, that no electricity can be diſ- 
played on the facing ſurfaces of two bodies, 
which are ſufficiently near each other, and 
both poſſeſſed of the ſame electricity, becauſe 
the air that lies between them, has no liberty 
of acquiring a contrary electricity. This being 
premiſed, the explanation of electric repulſion 
becomes eaſy. Suppoſe, for inſtance, that 
two ſmall bodies are freely ſuſpended by inſu- 
lated threads, ſo that when they are not electri- 
fied, they hang contiguous to each other: now 

ſuppoſe 


*-Cavallo's complete Treatiſe of Electricity, p. 110. 
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ſuppoſe theſe bodies to be electrified poſitively 
or negatively, and they muſt repel each other; 
for either the increaſed or diminiſhed quantity 
of the electric fluid in theſe bodies, will endea- 
vour to diffuſe itſelf equally over every part of 
the ſurfaces of theſe bodies, and this endeayour 
will cauſe the bodies to recede from each 
other, ſo that a quantity of air may be inter- 
poſed between their ſurfaces ſufficient to ac- 
quire a contrary electricity, at a little diſtance 


from the ſaid ſurfaces: otherwiſe, if the bodies 


poſſeſſed of the ſame electricity, do not repel 
each other, ſo that a ſufficient quantity of air 
may be interpoſed between their ſurfaces, the 
increaſed quantity of electric fluid, when the 
bodies are electrified poſitively, or the rem- 
nant of it, when they are electrified negatively, 
cannot be diffuſed equally over the ſurfaces of 
theſe bodies; for no electricity can appear upon 
the ſurfaces of bodies in contact, or that are 
very near each other : but the electric fluid, by 
attracting the particles of matter, endeavours 
to diffuſe itſelf equally over the ſurfaces of theſe 
bodies, and the bodies are by this endeavour, 
forced to repel each other.“ 


9 
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ce * The difficulty is not, however, ſolved 
by this theory, which only explains one fact 
by another, Which requires as much explana- 


tion as the firſt : but overlooking this, it is till 


inſufficient : for granting that bodies nega- 
tively electrified, ought to repel each other, 
till the electricity is equally diffuſed over 
their ſurfaces, yet when this 1s accompliſhed, 


the repulſion ought to ceaſe. Further, there 


is no reaſon for ſuppoſing the electrification to 
take place while the bodies are in contact, or 


nearly ſo. ' One may be ele&tified negatively 


in one corner of a room, and another in the 
other. The electrification may alſo be con- 
tinued for any length of time we pleaſe. So 
that the electric matter muſt have diffuſed it- 
ſelf equally over the ſurfaces of both. Yet, 
if we attempt to bring theſe bodies together, 
they will repel each other, which ought not 
to be the caſe on the preceding ſuppoſition.” 
« + Poſitive electricity has been ſuppoſed 
by another, to conſiſt of a vibratory. motion 
in the air and electric fluid, in which the force 
of the vibration is directed outwards from the 
electric body: that in negative electricity, 
: | there, 


* Encyclopzdia Brittannica, p. 2683. 
+ Ibid, P · 2699. 
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there is alſo a vibratory motion, but the force 
is directed inwards. Now let us ſuppoſe a bo- 
dy poſitively electrified, ſuſpended by a ſmall 
thread, at a.diſtance from any other, the vi- 
bratory motion being kept up by an equal 
preſſure on all fides, the body is neither moved 
to one fide nor another; but when a negatively 
electrified body is brought near, the force of 
the vibration, being directed outwards in the 
one, and inwards in the other, the preſſure of 
the fluid in the intermediate ſpace between 
them is greatly leſſened, and conſequently the 
preſſure on the other ſide drives them both to- 
gether, and they are ſaid to attract each other. 
If abody electrified poſitively, is brought near 
the firſt, the force of the vibrations are direct- 
ly oppoſed to each other, and therefore the 
bodies recede from each other. The caſe is 
the ſame with two bodies negatively electriſied; 
tor here the vibration being directed towards 
both bodies, as towards two centers, muſt 
cauſe them to recede from each other, becauſe 
if they remained in contact, the vibratory mo- 
tions would interfere with each other. 

* When a ſmall body is brought within the 
ſphereof another's electricity, the equable preſ- 
ſure of that vibratory or electrical ſphere, is 
lomewhat leſſened upon the ſide near whichthe 

body 
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body is brought, and it is therefore impelled 
towards the firſt by the action of the ſurround- 
ing fluid, in order to keep up the equilibrium. 
As ſoon as it arrives there, the vibrations of 
the fluid around the firſt body, being commu- 
nicated to that within the pores of the ſecond, 


it acquires a ſphere of electricity as well as the 
firſt, and is conſequently repelled: the repul- 
ſion continues till the vibration ceaſes, either 


by the action of the air, or by the body com- 
ing in contact with another larger than itſelf, 
in whioh caſe its electricity is ſaid to be diſ- 
charged. If, after this diſcharge, the ſecond 


body is ſtill within the ſphere of the firſt, it 


will be immediately attracted, and very ſoon 
after repelled, and ſo on alternately, till the 
electricity of the former totally ceaſes.” 

From ſeveral experiments of Beccarias, it 
appears, that, if the air is thoroughly exhauſted 
from a glaſs receiver, the attraction and 
repulſion of electrified light bodies within the 
receiver, grows languid, and ſoon ceaſes alto- 
gether. This is confirmed by an experiment 
of Mr. Cavallos. A pith ball electrometer was 
ſuſpended within a receiver of an air pump, 
by its braſs cap; this was then electrified; the 
balls diverged a little when the air was only 
rarified 100 times; when it was rarified 300 

times, 


whe 
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times, the repulſion was ſcarce diſcernible: 
when the rarifaction was greater, they did not 
diverge at all; and that, whether a ſmall or 


large quantity of electricity was communicated 


to the cap.“ 


* Phil, Tranſ. vol. 73, p. 452. 
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r 
OF THE ELECTRIC SPARK. 


EXPERIMENT IIII. 


IX the wire and ball B to the end of the 

conductor, as at A, fig. 29, turn the cy- 
linder, and then bring the knuckle, or another 
metal ball, as C, towards B; if the machine b 
powerful, a long, crooked, brilliant, electric 
ſpark, with the appearance of fire, attended with 
a ſnapping noiſe, will paſs between the two balls, 
or between the knuckle and ball. 

The experiments in the foregoing chapte: 
ſhow, that thoſe ſubſtances which are brought 
within the influence of electrified bodies, wil 
become poſſeſſed of a contrary electricity, and 
are conſequently in a proper ſtate to receive: 
ſpark from any body that is charged with electric 
matter ; and when brought near enough, they 
will receive the fluid in one exploſion. If the 
conductor 1s negative, it receives the fluid from 
the approaching body. The ſpark does not ex- 
plode at the greateſt diſtance on a given body, 
until it has firſt been made to ſtrike at ſome 
ſmalier diſtance, which, as it were, entices the 


diſcharge gradually forwards. 
e 
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The longeſt and moſt denſe ſparks proceed 
from that end of the conductor which is fartheſt 
from the cylinder, though long curvilinear ſparks 
may alſo be taken near the inſulating pillar which 
ſupports the conductor. | 
The ſpark, or quantity of electricity diſcharged, 
is nearly in proportion to the ſize of the conduct- 


f the Nor; fo that larger and longer ſparks are obtained 
e cy- from a conductor which has a conſiderable ſur- 
\other face, than from a ſmall one. This has been 
ine is WM extended fo far, that the force of the ſpark from 
lectric Na conductor, has been equal to a ſhock from a 
d with good ſized phial. | | 
balls, The ſound is occaſioned by the momentary 
agitation into which the air is thrown by the 
hapter electric fluid. 
ought If the electric ſpark is received on any part of 
„ will che body, it occaſions a ſenſation ſomething re- 
7, and ſembling a ſmart blow, which is more or leſs 
-eive: painful, in proportion to the tenderneſs of the 
lectrie part, or the ſtrength and weakneſs of the ſpark. 


When the quantity of electricity is ſmall, 
and incapable of ſtriking at any conſiderable 
diſtance the ſpark appears ſtrait ; but when it 
Is ſtrong, and capable of ſtriking at a greater 
diſtance, it aſſumes a crooked or zig-zag direc- 
tion; and this, probably, becauſe the more 
fd electric matter has to paſs with great rapid- 
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ity through the denſer and leſs fluid atmoſphere, 
which reciprocally a& upon each other. 

It will be ſeen, by a great variety of experi. 
ments, that the electric fluid is diſſipated, unleſ 
it is reſiſted by the preſſure of the atmoſphere, 
which keeps the fire together in a body, and by 
concentrating, it increafes its ſplendor. The 
ſpark which explodes in the air is vivid, like 
lightening ; but if the ſame 1s tried in an ex- 
hauſted receiver, inſtead of a ſpark and explo- 
fion, we have only a filent, faint, diluted i 
ſtream. | . 

Beccaria ſays, that the air reſiſts the electric 
ſpark in proportion to its denſity, and the thick 
neſs of the ſtratum it oppoſes to the ſpark, 
the length of the paſſage they open for them. 
ſelves through its ſubſtance. He alſo ſhews, by i 
variety of experiments, that the air is driven in 
every direction by the electric fluid, with : 
force, the action of which does not nnmediately 
ſubſide. It wil appear from this, as well 
many other conſiderations, that the exceeding 
great velocity and ſtrength of the electric fluid, 
are not owing to a repulſive power among it 
particles, but to the mutual action of the air, 
and electric fluid upon themſelves and one ano- 
ther ; and that its momentum is produced by 
the incumbent preſſure of the atmoſphere on the 
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electric fluid, and the preſſure of one part of this 
matter upon another. This latter preſſure muſt 
be very great, if the particles of the electric fluid 
are in contact, or act immediately one on the 
other throughout the wide immenſity of ſpace. 

The electric ſpark appears of a different 
colour, according to its denſity : when it is rare, 
it appears of a blueiſh colour; when more denſe, 
it is purple; when highly condenſed, it is clear 
and white, like the light of the ſun. 

The middle part of an electric ſpark often ap- 
pears diluted, and of a red or violet colour; the 
ends are more vivid and white, probably becauſe 
the fluid meets with the greateſt reſiſtance at its 
entrance and exit. | 

The ſpark is ſometimes divided into many 
parts, as in fig. 30. The rays of the pencil 
concentrate where they ſtrike the ball, and form 
upon it many denſe and ſhining ſparks. 


EXPERIMENT LIV. 


Place an ivory ball on the conductor, take a 
ſtrong ſpark (or paſs the charge of a Leyden 
bottle through the center of it) the ball will ap- 
pear perfectly luminous. If the charge is not 
taken through the center, it will paſs over and 
corrode the ſurface of the ball. 
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EXPERIMENT LY, 


Take a ſpark through a ball of box-wood, and 
it will appear of a beautiful crimſon, or rather 
a fine ſcarlet colour : or the ſhock may be paſſed 
through pieces of wood of different thickneſſes 
and denſity, which will afford a very ample field 
for obſervation and experiment, 

The two forgoing experiments are ſo analagou 
to the famous experiment of Mr. Hawkſbee, 
and ſome others which have been made ſince his 
time, that I have ſubjoined them, and hope 
they will lead to a further inveſtigation of this 
curious ſubject, 


EXPERIMENT IVI. 


Mr. Hauxſbee lined more than half the inſide 
of a glaſs globe with ſealing wax, he exhauſted 
the globe, and put it in motion, when, on ap- 
plying his hand to excite it, he ſaw the ſhape 
and figure of it as diſtinctly on the concave ſu- 
perficies of the wax within, as if only pure glals 
had intervened between his eye and his hand. 
The lining of wax, where it was thinneſt, would 
but juſt allow the light of a candle to be ſeen 


through it in the dark. In fome parts the was 


Was 
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was at leaſt an eighth part of an inch thick; yet, 
even in thoſe places, the ſhape and figure of his 
hand were as diſtinguiſhable as any where elſe. 

Beccaria diſcharged an electric ſhock through 
ſome braſs duſt, ſprinkled between two plates of 
ſealing wax ; the whole was rendered — 
luminous and tranſparent. 


> EXPERIMENT LvIL. 


This extraordinry experiment was made by 
Dr. Prieſtley, and is thus deſcribed by him. I 
laid a chain, which was in contact with the out- 
fide of a jar, lightly on my finger, and ſometimes N 
kept it at a ſmall diſtance by means of a thin 
piece of glaſs. If I made the diſcharge at the 
diſtance of about three inches, the electric fire 
was viſible on the ſurface of the finger, giving 
it a ſudden concuſſion, which ſeemed to make 
it vibrate to the very bone; and when it happen- 
ed to paſs on that ſide of the finger which waͤs | 
_ oppoſite to the eye, the whole ſeemed, in the 
dark, perfectly tranſparent. 


EXPERIMENT LVIII. 


Connect one end of a chain with the outſide 
of a charged jar, let the other end lye on the 
G 4 table, 
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table, place the end of another piece of chain, 
at about one quarter of an inch diſtance from 
the former, then ſet a decanter of water on theſe 
ſeparated ends, and, on making the diſc oe 
through the chain, the water will appear perfe&- 
ly and beautifully luminous. This experiment 
was commnicated to me by Mr. Haas, the in- 
ventor of an improved air pump. 

Do not theſe experiments indicate, that there 
is a ſubtle medium both in electric and non- 
electric bodies, that renders them tranſparent, 


when it is put in motion? 
v 


EXPERIMENT IIX. 
The ſparks taken over a piece of filver 
leather, appear of a green colour Vo : 
EXPERIMENT IX. 
E F, fig. 31, is a glaſs tube, round which, 


at ſmall, but equal diſtances, from each other; 
pieces of tin-foil are paſted in a ſpiral form, 


(hence it is called the ſpiral tube,) from end to 
end; this tube 1s incloſed in a larger one, 


fitted with braſs caps at each end, whichare con- 
nected with the tin-foil of the inner tube. Hold 
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one end in the hand, and apply the other near 
enough to the prime conductor to take ſparks 
from it, a beautiful and lucid ſpot will then be 
ſeen at each ſeparation of the tin- foil; theſe mul - 
tiply, as it were, the ſpark taken from the con- 
ductor; for if there was no break in the tin-foil, 
the electric fire would pals off unperceived. 


EXPERIMENT LXI. 


The luminous word. This experiment is ex- 
actly on the ſame principles as the foregoing. 
The word is formed by the ſmall ſeparations 
made in the tin-foil, which 1s paſted on a piece 
of glaſs, that is fixed in a frame of baked wood, 
as is repreſented in fig. 32. To make the expe- 
riment, hold the frame in the hand, and preſent 
the ball G to the conductor, the ſpark received 
on this will be communicated to the tin-foil, and 
follow it in all its windings, till it arrives at the 
hook h, and is conveyed from thence to the 
ground by a chain : the lucid appearance at each 
break, exhibits a word in characters of fire. 


* 


EXPERIMENT LXII. 


To take the electric ſpark with a metal point, 
ſcrew a pointed braſs wire into one end of a ſpiral 
tube 
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tube, and preſent it to the conductor while the 
machine is in action, when a ſtrong ſpark will 
paſs between the conductor and the point. 


EXPERIMENT IXIII. 


Take a clean dry glaſs tube, of about a 
quarter of an inch bore, inſert a pointed wire in 
this tube, keep the pointed end at ſome diſtance 
from the end of the tube, let the other end be con- 
nected with the ground, bring the former to- 
wards the prime conductor, and ſtrong zig-zag 
ſparks, attended with a peculiar noiſe, will 
paſs between the conductor and the point. 

The ſeparation between the pieces of tin- foil, 
in experiment 62, forms a reſiſtance which hin- 
ders the immediate reception of the electric fluid, 
and thus, in ſome meaſure, prevents the com- 
mon action of the point on the conductor; or, 
the power of a point to prevent an exploſion, 


depends on its having a perfect uninterrupted 


metallic communication with the earth: though 
this is not always ſufficient, as may be ſeen by 
Ex. Lx111, where the fluid is concentrated and 
collected by the non- conducting ſubſtance which 
ſurrounds the point: a caſe ſimilar in many 


' reſpects, to the conductors which are erected 


for the preſervation of buildings. 
Let 


e the 
will 
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EXPERIMENT LXIV. 


Let any perſon ſtand on the inſulating ſtool, 
and connect himſelf by wire or chain, with the 
prime conductor, he will then exhibit the ſame 
appearances which are obtained from the con- 
ductor, and will attract light bodies, give the 
ſpark, &c. and thus afford a pleaſing mode of 
diverſifying every experiment. It is abſolutely 
neceſſary, to the complete ſucceſs of this expe- 
riment, that no part of the cloaths touch the 
floor, table, &c. and that the glaſs feet be care- 
fully dried : a ſheet of dry brown paper placed 
under the ſtool, will be found of conſiderable 
ſervice, by rendering the infulation more com- 
pleat. 

If the inſulated perſon lays his hand on the 
cloaths of one that is not ſo, eſpecially if they 
are woollen, they will both feel as it were many 


pins pricking them, as long as the cylinder is 


in motion. 


EXPERIMENT TLXV. 


To fire ſpirits of wine with the electric ſpark, 
heat the ladle, I, fig. 33, then pour a ſmall quan- 
tity of ſpirit of wine into it, and fix it by its 

handle 


> 


W 


handle to the end of the prime conductor; or 
fire the ſpirits, and blow them out a few minutes 
before the experiment is made; take a ſpark 
through the middle of the ladle with a braſs ball, 
and the ſpirits will be fired by it. | 

Or let a perſon, ſtanding on an inſulating 
ſtool, and connected with the prime conductor, 
hold the ladle with the ſpirits in his hand, and 


let a perſon on the floor take a ſpark through 


them, and they will be fired. The experiment 
anſwers equally well, if the perſon on the floor 


"holds the ladle, and the infulated perſon takes 


the ſpark. 


EXPERIMENT LXVI. 


The foregoing experiment may be agreeably 
diverſified in the following manner. Let one 
electrified perſon, ſtanding on an infulated ſtool 
hold the ſpirits. Let another perſon ſtanding 
alſo on an inſulated ſtool, hold in his hand an 
iron poker, one end of which is made red hot, 
he may then apply the hot. end to the ſpirits, 
and even immerge it in them without firing them. 
But if he put one foot on the floor he may ſet 
the ſpirits on fire with either end. 


. 
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EXPERIMENT Lxvit. 


The ſpirits cannot be kindled by the inſulated 
perſon, becauſe as the electric cannot eſcape 
through him to the earth, he is incapable of 
drawing a ſpark ſufficiently ſtrong to inflame 
them, and hot iron will ſeldom or ever ſet ſpi- 
rits on fire. | 7 

If oil of turpentine is «i on fire in a veſſel 
which is placed on the conductor, and the ſmoke 
is received on a plate, held by a perſon ſtanding 


on an inſulated ſtool, he will be electrified there- 


by, and enabled to fire ſpirits of wine, &c. If 
the inſulated perſon holds a braſs wire at the 
top of the flame of burning ſpirits of wine which 
is connected with the conductor, he will alſo be- 
come electrified. Hence we find that either 
ſmoke or flame conducts the electrical fluid. 
Mr. Volta has ſucceeded in obtaining un- 
doubted ſigns of electricity from the ſimple eva- 
poration of water, and from various chemical 


efferveſcences. 


EXPERIMENT IXVIII. 


Infulate a ſmall crucible, containing three or 
four lighted coals, throw a ſpoonful of water on 
the 
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the coals, and in a ſhort ſpace of time, an electro- 
meter, which communicates with the coals by 
means of a wire, will diverge with negative 
electricity. 

From hence it would ſeem, that the vapour 
of water, and, in general, thoſe parts of a body 
that are ſeparated by volatilization, carry away 
an additional quantity of electric fluid, as well 
as of elementary heat ; and that the body, from 
which thoſe volatile parts have been ſeparated, 
remains both cooled and electrified negatively ; 
and, that thoſe which are reſolved into a volatile 
elaſtic fluid, have their capacity for holding 
common fire, and the electric fluid augmen 
ted. 


2 


OF INFLAMMABLE AIR AND THE PISTOL FOR IN- 


FLAMMABLE AIR. 


A ſpecies of air which is inflammable is fre- 
quently generated in coal mines: the air alſo 
emitted by ſtirring the mud of ſome ſtanding 


waters, has been found to be inflammable. Pu- 
treſcent animal matter alſo emits this fluid. Tt 


may be obtained by diſtillation from wax, pitch, 
amber, coals, and other phlogiſtic ſubſtances. 
The following is the moſt convenient method of 


' procuring it: put ſome ſmall nails or iron 


filings 
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filings into the bottle r, fig. 38. cover theſe 
with water, then add to this a little dil of vitriol, 
about one quarter of the quantity there is of wa- 
ter, put the ground end of the bent *tube into 
the mouth of the bottle, and paſs the other end 
through the water of the baſon T into the neck 
of the bottle K, which 1s filled with water, and 
inverted in the baſon, the bottle K muſt be ſup- 
. R , = 
ported during the operation: 1n a little time the 
mixture will efferveſce, and emit a fluid which 
will paſs through the bent tube, go into the 
bottle K, and at laſt fill it totally, expelling the 
water; the bottle is then to be removed, and 
corked as expeditiouſly as poſſible. 

Fig. 39. repreſents a braſs piſtol for inflam- 
mable air; a b is a chamber of braſs, to the 
mouth a c of which a cork is fitted, a perforated 
piece of braſs g ſcrews on to the bottom of this 
chamber, (this piece 1s repreſented by itſelf in 
fig. 40) a glaſs tube f is cemented into the per- 
foration of this piece, and a braſs wire 1s alſo 
cemented into the glaſs tube ; one end of this 
wire is furniſhed with a ball, the other extremity 
1s bent, ſo as to come within about a tenth of 
an inch of the braſs piece. Fig. 41 is a braſs 
cap, which ſcrews on the piſtol, to preſerve the 
glaſs tube from any accident. The air with 
which the piſtol is to be charged ſhould be 
kept in a corked bottle: take out the cork, and 


apply 
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apply in the ſame inſtant the mouth of the pil. 
tol to the opening of the bottle, and the com- 
mon and inflammble air will mix together, be 
cauſe the former being heavier than the latter 
will naturally deſcend ; keep the piſtol in this 
ſituation about 15 ſeconds, then remove it, and 
cork both the bottle and piſtol with the utmoſt 
expedition, 

If the piſtol 1s held too long over the bottle, 
and is intirely filled with inflammable air; it 
will not explode. 


DESCRIPTION OF ANOTHER APPARATUS FOR 
MAKING INFLAMMABLE AIR, AND FILLING 
THE AIR PISTOL, &c. = 


This apparatus conſiſts of the following articles. 
A glaſs funnel.” 

2. A ſmall glaſs tumbler. 

3. A bladder tied to a ſtop cock. 

4. A braſs pipe paſſing through a cork; 
which cork is made tapering, to fit the neck 
of a common wine bottle : the upper part of 
the pipe has a male ſcrew, to fit the ſcrew on 
the lower end of the ſtop cock. 

5. An air piſto], furniſhed with a valve at 
the end 6 fig. 39., the wire paſſing through a 
glaſs tube, and to which the ſpark 1s to be given, 
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is fitted into the ſide of the piſtol. At the 
end b of the piſtol i is a male ſcrew which fits 
the lower end of the ſtop cock. 

6. A box with iron filings. 

A ſmall meaſure which will hold the 
proper quantity of iron filings. 
8. A braſs tube and hollow flyer; the lower 
end of the braſs tube fits the ſtop cock. 

Soak the bladder in water which is lukewarm, 
in order to ſoften it; and then render it pliable, 
by blowing air into it and (queezing i it out again. 
After this ſcrew the conical pipe with the cork 
into the lower end of the ſtop cock, and it 1s 

ready for uſe. Then take a common quart 
wine bottle, and put into it a little hot water, 
to warm it. Pour as much oil of vitriol into 
the tumbler, as will about half fill it, and mix 
this in another tumbler with about three times 
the quantity of cold water. Throw the warm 
water out of the bottle, and put a meaſure of 
iron filings into it, then pour the diluted vi- 
triol through the glaſs funnel upon the iron fil- 
ings. As ſoon as the efferveſcence begins, put 
the cork with its pipe into the neck of the 
bottle, and the inflammable air which is gene- 
rated by the mixture, will enter into and gra- 
dually ſwell the bladder. When this is full, 
ſhut the ſtop cock, and remove the bladder 
from the bottle. | 


H The 
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Wilt The bladder being thus filled, ſcrew th: 
bottom of the piſtol upon the ſtop cock: com. 
preſs the bladder, and introduce by this means, 
about as much inflammable air, as you judge 
will fill one third of its capacity, and- put the 
cork immediately into the muzzle of the piſ 
tol. To forma circle of fire with inflammable 
air, fill the bladder as before, unſcrew the co. 
nical tube from the ſtop cock, and ſcrew the 
7 braſs fly in its place, open the cock, and com. 
preſs the bladder; the air will paſs through the 
fly, and ſet it in motion; light the air at the 
end of the pipe, and a bert circle of fire 
| will be formed by the motion of 'the bent tube, 
11 and the fired air which iſſues from its points, 


1 The piſtol is fired as in experiment Lx1x. wa 
. i Ik too great a quantity of inflammable air th 
1 is introduced into the piſtol, it will not explode; Wil ,. 

0 ; = to remedy this, blow ſtrongly into the muzzle df * 
* the piſtol, this will force out a quantity of the 


inflammable air, and occaſion a quantity of 
common air to enter the piſtol ; which will then 
readily explode. 

The bottle ſhould be taken into the open air 
and be well waſhed as ſoon as the bladder ö 
filled. 
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"EXPERIMENT LXIX. 


Bring the ball of the piſtol, which is charged 
with inflammable air, near the prime conductor, 
or the knob of a charged bottle, the ſpark 


which paſſes between the end of the wire f 


and the piece g, fig. 40, will fire the in- 
flammable air, and drive the cork to a con- 
ſiderable diſtance. This air, like all other, 
requires the preſence either of pure air, or 
the nitrous acid, to enable it to burn; but, if 
it is mixed with a certain quantity of common 
air, an exploſion will take place in paſſing the 
electric ſpark through it. 

Mr. Cavallo recommends a piſtol made in. 
the following manner, to thoſe who wiſh to 
make experiments on the exploſion of inflam- 
mable and dephlogiſticated air, or with known 
quantities of common and inflammable air. 
It conſiſts of a braſs tube, about one inch in 
diameter and fix inches long, to one extremity 
of which a perforated piece of wood is ſecurely 
fitted; a braſs wire, about four inches long, 
is covered, except its ends, firſt with ſealing 
wax, then with ſilk, and afterwards with ſeal- 
ing wax again. This wire is to be cemented 


in the perforation of the wooden piece, ſo as to 
H 2 pro- 
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project about two inches within the tube, the 
reſt is on the outſide; that part of the wire 
which 1s within, is bent ſo as to be only about 
one tenth of an inch from the inſide of the 
braſs tube. * | | 

To uſe this piſtol ; fill it with, and then in- 
vert it into a baſon of water; make the re. 


quired quantity of inflammable and common 


air in another veſſel, by putting in known and 
proportionable meaſures of each; introduce 
this mixture into the piſtol, and then ſtop it 


with a cork, take the piſtol out of the water, 


and paſs in the uſual manner the ſpark of a 


charged jar through it, and the - inflammable 


air will be fired. 

The inſtruments for firing the inflammable 
air with the ele&ric ſpark, are often made in 
the ſhape of a cannon, 


* Cavallo on Air, p. $18. 
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. 
or ELECTRIFIED POINTS. 


EXPERIMENT LXX. 


RESENT the pointed end of a wire to- 

wards a conductor which is poſitively 
electrified, a lucid globular point or ſtar will 
appear on the point, and the electric fluid will 
be evidently conveyed away and diſſipated from 
the conductor. 


EXPERIMENT LXXI. 


Preſent a pointed wire towards a conductor 
that is electrified negatively; a lucid cone or 
bruſh will be ſeen diverging from the point, and 
the quantity of fire will be increaſed. 


r. 


The lucid ſtar is ſeen on the collecting 
points of a poſitive conductor, while a diverging 
cone will appear on a point placed at the end of 
the conductor. 

To determine the direction of the electric 
fluid, has ever been an object of confiderable 

'H 3 import- 
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importance to the electrician; as it would e, 
nable him to decide on the truth of thoſe theo- 
ries, which have been invented to account for 
its phenomena, and greatly aſſiſt him in the 


progreſs of future diſcovery : To this end much 
ſtreſs has been laid on the different appearance- 


of the light, which is perceived on the pointed 
ends of electrified conducting ſubſtances ; as 
theſe have been ſuppoſed to elucidate fully this 
intereſting queſtion. 

The electic fluid appears as a diverging 
ſtream darting forwards into the air, from a 


point electrified poſitively. The luminous 


appearance on a point negatively electrified, 
is that of a ſmall little globule or ſtar. 

Now, as the air is known to reſiſt the motion 
of the electric fluid, the rays of it would by this 
reſiſtance be made to diverge; therefore, when 
this fluid is darting from a point into the air, 
it will aſſume the form of a lucid cone or bruſh; 
which is agreeable to experiments Lxx1 and 
and LXX11. 


To this it has been objected, that theſe rays 


may poſhbly be converging 'from ſo many 


points in the air towards the point, and not di- 
verging from it; but, as there does not appear 
any reaſon why a viſible ray ſhould break out 


from one place in the atmoſphere more than a- 
ther, 


ne 


1 
1 riert r. 103 

e. ther, the former account ſeems more conform- 
o- able to nature, and the known laws of other 
or fluids. The air reſiſts the motion of the elec- 
16 tric fluid equally. Therefore, when this fluid 
"I is coming from the air towards a pointed con- n 
TY ductor, it would percolate ſlowly and invifi- 
d bly through the air, but equally on all fides, 
1$ till it comes ſo near as to be able to break 
is through the intermediate ſpace; but as this 

will be equal or nearly ſo all around, the ne- 
g gative electricity muſt appear like a ſteady lu- 
2 minous globule on the point *. Notwithſtand- 
8 ing the apparent probability of the above rea- 
K ſoning, it may ſtill be objected, that no deci- 

five concluſion can be drawn from theſe 'ap- 
n pearances, as they may be varied by augment- 
8 ing or diminiſhing the volume of the point- 
n ed body, and by a variety of other circum- 
N ſtances. 
; | x | 
d EXPERIMENT IXXIII. 
, A lucid cone appears on the collector of a 
negative conductor, and a lucid ſtar on a point 
$ placed at the opoſi ite end of the conductor. N 
C 2 5 | | 1 
l Encyclopedia Britanica, 2699. ; | 
| "7 4 
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Bring an excited glaſs tube near a point that 
is fixed at the end of a poſitively electrified 
conductor, and the luminous bruſh will be 
turned out of its direction by the action of the 
excited tube; if the tube is held directly op- 
poſite to the point, the bruſh will vaniſh, 


EXPERIMEN T LXXv. 


Fix the point to the end of the negative con- 
ductor, the lucid ſtar will turn towards the ex- 
cited tube. 1 ol 
Theſe two experiments coincide with and 
confirm experiments LXX, LXXI, LXXII, LXXIH, 
and lead to the ſame concluſion, viz. that the 
bruſh is a ſign of poſitive, and the ſtar an indi- 
cation of negative, electricity, which is ſtill fur- 
ther confirmed by the following experiment. 


BXPERIMEN T  LXXVI. 


Put a wire, which has a ball at one end, in- 
to the hole at the end of a poſitive conductor, 
place a lighted candle ſo that the middle of 
the flame may be even with the middle of the 
ball, and about an inch from it ; turn the ma- 


chine, 
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chine, and place the ſame wire at the end of 
the negative conductor, the appearance will 
be reverſed, and the knob will ſoon be heated 


" by the flame of the candle which is carried to- 

" wards it. 

be = 

he | 

pe EXPERIMENT TXXVII. ; 

Fix a pointed wire in the hole on the upper 
fide of the conductor, then place the center of 
the braſs ctoſs K, fig. 34, upbn the point, the 
ends of which croſs are all bent one way; elec- 

2 trify the conductor, and the croſs will turn 

* upon its center with great rapidity. If the 
room be darkened, a eircle of light will be 

en formed by the electric fluid on the points of 

" the wires, The re-aCtion of the air on the di- 

he ; 

1. verging cone of electric matter gives the re- 
trogade motion to the points of the wire. 

8 The fly turns round in the ſame direction, 

: whether it is electriied negatively or poſitive- 
ly ; though it will not move in vacuo, unleſs | 
the finger, or ſome other conductor, is applied 

1- to the glaſs receiver oppoſite to one of the 

r, points, it will then begin to move, and conti- 

of nue to do fo briſkly till the glaſs is charged. 
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EXPERIMENT, Lx&vIN. gs 
hs 1 1433 


ElcQrify the two inſulated wires MN, P, 
fig. 35, and the refiſtance of the air againſt the 
electric ſtream, from the point of the fly L, 


(the axis of which rolls on the wires) will force 


the fly up the 3 of the inclined plane 
MN, o P. 


EXPERIMENT Ixxix. 


Fig. 36 repreſents a ſmall crane, which will 
move from the ſame cauſe as the foregoing, 
and raiſe a ſmall weight, 3 


EXPERIMENT Ixxx. 


Several flyers may be made to turn at the 
ſame time, ſee fig. 37, and many other pleafing 
experiments may 'be contrived 'on the ſame 
principle; or, the flyers may be placed one a- 
bove another, diminiſhing gradually in ſize, 
and forming when electrified a luminous cone, 
the circles of light will be more brilliant, if 


the ends of the wires are covered with a thin 


coating of greaſe, ſealing wax, or ſulphur. 
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EXPERIMENT LXXXI. 8 


Immerge a metallic point in a metal veflel. 
nearly filled with oil of vitriol, and placed on 
an elerified conductor, ſcarce any ſpark will 
paſs to the point, although it is held very near 
the bottom of the veſſel: If this is filled with 
efſential oil of turpentine, a ſmall light may 
be ſeen from time to time in the body of the 
fluid. If common oil is uſed, the point will 
take ſtrong ſparks, and the electric fluid in en- 
deavouring to reach 5% will occaſion an ebulli- 
tion in the oil. £ 

So that the electric ſpark depends in a great 
meaſure on the. conducting power of the me- 


dium through which it paſſes. 


If ſmall boats or little ſwans, &c. are made 
of cork or light wood, they may be attracted, 
and made to ſwim in any direction, by apply- 
ing a finger toward them; a fine needle ſtuck 
into the end of the boats, in the manner of a 
bowſprit, will cauſe them to be repelled from 
the hand held over it, and they may be ſteer- 
ed by it, ſtern foremoſt, to what point of the 


compaſs you pleaſe. The boats might have 


the addition of fails to them, and might then be 
made to move briſkly before an electrical gale, 
from the point of a wire held in the hand. 

The 
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The operator in theſe tricks, would cer. 
tainly be looked upon as a magician, if the 
electrical machine is kept out of ſight. But a 
more ſtriking ſight, would be a number of theſe 
boats, with each of them a twirling fly, about 
an inch in length, fixt to the top of the maſt; 
the hand held over them, would ſet them all in 
motion: in the dark, they would appear as ſo 


many rings of fire, moving in various courſes, 


and following the hand in any direction. 

When a few young perſons have nothing elſe 
to do, they might very innoceftly amuſe them- 
ſelves, by making a repreſentation of a kind of 
ſea engagement between theſe boats. Suppoſing 
each of them large enough to hold a ſmall 
coated phial without ſinking, theſe phials may 
be charged, ſome of them poſitively on the in- 
ſide, others negatively, they may then be placed 


at the bow of the boat, with the wire ball and 


uncoated part of the phial projecting over; a 
ſmall braſs chain ſhould be made to touch the 
_outward coating of the phial, and the other end 


9 brought over the ſtern of the boat, and hang ſo 


asto touch the water. The boats being then put 
into a trough of water, and pretty highly charg- 
ed, they will ſoon be in motion ; thoſe that are 
electrified alike, will repel each other; and 
thoſe poſſeſſed of a contrary electricity will be 
attracted ; 
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attracted; till the balls of the two phials ap- 
proach pretty near together; they will then diſ- 
charge their contents with a loud exploſion, and 
the boats will, afterwards ſheer from each other.“ 

When the electric fluid percolates a wooden 


point, the ſtream or cone which iſſues from it, 


ſeems diluted, and ſomething ſimilar to the 


purple electric light, which is obtained in vacuo. 


The action of the electric fluid on the air, by an 
electrified point, produces a ſenſible aura, or 
wind, of ſufficent force, as is ſeen above, to put 


light bodies in motion, or diſturb. the lame of 
à candle, and occaſion an undulation in the 
fluids: the action of the fluid is ſo modified by 
points, as to produce an agreeable ſenſation, 


reſembling a gentle breathing: this ſenſation 


may be rendered more or leſs ſtimulating, by the 


'reſiſtance the fluid meets with in its action on 
our bodies, an effect which is productive of great 


advantages in medical electricity. 
* Becket's Eſſay on Electricity, p. 36. 
HA. 
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OF THE LEYDEN PHIAL, ducti 

| coati1 

a T "HE experiments upon the 12 phil knob 
are ſome of the moſt intereſting in elec- infid: 
tricity ; they excited the attention of the philo- place 
the x 


ſopher to this ſubje& more than any other ex- 
periment, and are ſtill viewed with wonder and 
ſurprize. 

The phœnomena attending this very extra- 
ordinary experiment ſeemed totally inexplica- 
ble, till they were elucidated by the ingenious 
theory of Dr. Franklin; which, in a plain and 
clear manner, accounts for moſt of the difficul- 
ties which attend this intricate branch of elec- 
tricity; and accomodates itſelf ſo eafily and 


to make us almoſt loſe fight of the objections 
againſt it. 


EXPERIMENT LXXXIH 


Place the braſs ball of a coated jar in contact 
with the prime conductor while the outſide 
communicates with the table, turn the cylin- 
der, and the bottle will in a little time be 

charged 
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charged, or modify the electric fluid in a pecu- 
liar manner. To diſcharge the jar, or reſtore 
it to its natural ſtate, bring one end of a con- 
ducting ſubſtance in contact with the outfide 
coating, and let the other be brought near the 
knob of the jar which communicates with the 
inſide coating, a ſtrong exploſion will take 
place, the electric light will be viſible, and 
the report very loud. 


EXPERIMENT LXXXIIL. 


Charge the Leyden bottle, then touch the 
outſide coating with one hand, and the knob 
with the other, the bottle will be diſcharged, 
and a ſudden peculiar ſenſation will be per- 
ceived, that is called the electric ſhock. The 
ſhock, when it is taken in this manner, gene- 
rally affects the wriſts, elbows, and breaſt: 
when the ſhock is ſtrong, it reſembles an uni- 
verſal blow. This peculiar ſenſation is proba- 
bly owing to the two-fold and inſtantaneous 
action of the electric fluid, which enters and 
goes out of the body and the various parts 
through which it paſſes at one and the ſame 
inſtant. It has been alſo obſerved, that nature 
has appointed a certain modification of the 
electric aid in all terreſtrial bodies, which we 
| | violate 


= — *. 2 * 2 n n re > * 
2 W DS % 8 7 NW rene EF E * , 7 
* : : * k , - C þ HS < a > N g v ” 4 - = — 1 
a”, 4 en 7 44 o * 1 4 at FN _ TY 4.2 1 ing SEEN i x Kk = 
X nd < » l "> - 2 * 4 __ 8 ö 1 N 0 4 s — 
5 > FEY IE 1 " 1 1 2 8 6 i ac SIC wy On 6% ö 
1 ————— pay 1 #1 _ . * 4 a \ _ c 
r ” - 5 * 1 * E "IP. A F4 wma Pry my 
f * _ -y 1 _ vi — — — 888 __ 6 
2 7 — — —— 2 — | 
7 . 


8 


a4 — * _ 


—— 
MO Ago 


Lak, r 4 - 

- ”” LY 5 
. % „ — 

2 n PC, - 

2 1 ras WK. Se 

. r RY w 
ds... Me 0 

. - a * 25 * - =_ * 


2 5 > AR ac Sn » - 
N — P 2 — — 
— * 2 — 8 * — _ < 


* 
* 


a We 
— 


* . — — C's — — « — — 
r — — 2 


— — 
2 Mb ogy te 


112 AN ESSAY ON 


violate 1 in our experiments; when dais violation 
is ſmall, the poyers of nature operate in a Bene. 
tle manner to reſtore the diſorder We, have in. 


troduced ; but, when the deviation i is .confi- 


derable, the natural powers reſtore the original 
conſtitution, with xtreme violence. 
If 1 perſons join ae and the firſt 


b&  a&S%S 


and they will all feel the ſhock at the ſame i in- 
ſtant; but the greater the number of perſons 
that join hands to take a ſhock, the weaker 
it is. 

The force of, the ſhock is in proportion to 
the quantity of coated ſurfaces, the thinneſs of 
the glaſs, and the power of the machine; or, 


the effect of the Leyden, phial is increaſed, in 


proportion .as we deſtroy the equilibrium on 


the { ſurfaces. 


A given quantity of electricity, impelled 
through our body with a given force, pro- 


duces a weaker ſenſation, than twice that 
quantity impelled with half that force, and 
conſequently the ftrength of the ſhock de- 
.pends rather more on the quantity of fluid, 
which paſles through our body than on the 
force with which it is impelled—Yet, the 


force of an exploſion ſeems to depend more on 


the degree to which the fluid is compreſſed, 
than 


than o 
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than on the quantity; hence a ſmall phial fully 
charged will act nearly as ſtrong as a larger 
jar which is half charged. 

If a charged jar is coated very high, it will 
diſcharge itſelf before it has received near the 


charge it would take if the coating was lower. 


If it is coated very low, this part of the ſurface 
may be charged very high, but a conſiderable 
part of the glaſs is not charged at all. 

When a jar 1s charged very high, it will 
often explode or diſcharge itſelf over the glaſs 


from one coated ſurface to the other; or, if 


the glaſs is thin, it will make a hole through 
it, and ſwell the coating on both fides, 
the glaſs in the hole will be pulverized, and 
very often a variety of fiſſures will proceed 
from it in various direCtions. 

A Leyden jar very often recovers its elec- 
tricity, in a ſmall degree, after a diſcharge has 
been made; this ſecond exploſion is called 
the reſiduum of a charge. 

The form or fize of the glaſs is no ways ma- 
terial to the receiving of a charge. 


To avoid receiving the electric ſhock, be 


careful never to touch the top and bottom of 
the jar at the ſame time, and never to enter a 
circuit formed between the infide and outfide 
of a jar; for the effe& of the Leyden phial 

I depends 
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depends entirely on the reciprocal action df 
the two ſurfaces, and does not take place, 
when cither is touched ſeparately. By attend- 
ing to this obſervation, jars of any ſize may be 
handled with ſafety. Indeed, the human frame 
makes ſo little reſiſtance to the free paſſage of 
this ſubtle agent, that no other inconvenience 
will attend a ſhock from a common-ſized 
charged jar, than a tranſient diſagreeable ſenſ- 
tion. , 
Touch the knob of a charged jar, no ſhock 
will enfue ; but the finger, or part that touches 
the ball of the jar, will be affected with a ſhay 
ſenſation, as if it had been pricked with a needle. 
The diſcharge is ſilent and without an exploſion, 
when the communication between the two ſides 
of the jar, is made by imperfect conductors. 
A charged phial ſet upon electric ſubſtances, 
may be taken hold of without danger, either by 
the coating or the wire; a ſmall ſpark only wil 
proceed from either. Y 


DR. 


DR. 


DR. 
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bR. FRANKLIN'S THEBQRY OF THE LYVPRY 
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Glaſs is ſuppoſed to copegin at all times, on 
its two ſurfaces, à large quantity of the electric 
fluid, which is ſo diſpaſed, that if you increaſe 
the quantity on one ſide, the other muſt throw 
off an equal proportion; or, when one fide is 
poſitive, the other muſt be negative. Now, as 
no more of the electric fluid can be forced on 
one ſide, than can go off on the other, there is 
no more in the bottle, after it is charged, than 
was there before ; the quantity is neither in- 
creaſed or leſſened on the whole, though a change 
may be made in its place and ſituation ; i. e. we 
may throw an additional quantity on one of its 
ſides, if, at the ſame time, an equal quantity 
can eſcape from the other, and not otherwiſe. 


That this change is effected by lining parts of 


its two ſurfaces with a non- electric; through the 
mediation of which, we are enabled to convey 
the electric fire to every phyſical point of the 
ſurface we propoſe to charge, where it exerts its 
activity in repelling the electric particles natu- 


rally belonging to the other ſide; all of which 


have an opportunity of eſcaping by the lining 
in contact with this ſurface, which, for that 
I 2 purpoſe, 
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purpoſe, muſt communicate with the earth; 
when the whole quantity belonging to this ſur- 


face has been diſcharged, in conſequence of an 


equal quantity thrown upon the other ſurface, 
the bottle js charged as much as it can poſſibly 
be. The two ſurfaces are at this time in a ſtate of 
violence; the inner, or poſitive fide, ſtrongly 
diſpofed to part with its additional fire; and the 
outer, or negative ſide, equally deſirous to at- 
tract what it has loſt; but neither of them ca- 
pable of having a change in its ſtate effected, 
without the equal and cotemporary participation 
of the other. That notwithſtanding the vicinity 
of theſe two ſurfaces, and the ſtrong diſpoſition 
of the electric fluid contained in one of them, 
to comunnicate its ſuperabundance to the other, 


and of that to receive it, yet there is an impene- 


trable barrier between them; for ſo impermeable 
is glaſs to the electric fluid, (though tt permits 
one ſide of it to act upon the other,) that its two 
ſurfaces remain in this ſtate of contrariety, till a 


communication is formed between them, ab extra, 


by a proper conductor, when the equilibrium is 
ſuddenly and violently reſtored, and the electric 
fluid recovers its original ſtate of equality on the 
two ſides of the glaſs. 

FT, 
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THE LEYEDN PHIAL CONSIDERED IN A DIF- 
FERENT POINT OF VIEW. 


We have already ſhewn, that whenever a 


quantity of the electric fluid is brought within a 


certain diſtance of the ſurface of any body, 
(whether metal, wood, or glaſs,) it will always 
produce on that body a contrary electricity; and 
this more readily, and permanently, when 
the body has a communication with the earth. 

The equilibrium will not be reſtored ſo long 
as the power continues of the ſame force, and 
acting at the ſame diſtance ; but the nearer this 
power is brought to the ſurface, the greater is 
the effect it will produce. It has alſo been 
ſhewn, that the electric fluid will communicate 
theſe powers through glaſs, nearly as well as 
through air. | | 

Now as glaſs reſiſts the paſſage of the fluid 
more than wood or metal, the fluid will be 
longer in paſſing through a given length of 
glaſs, than through the ſame length of wood' or 
metal. | | 

But by means of the metallic coating on one 
ide of the glaſs, the electric fluid is placed in 
the moſt advantageous ſituation for producing a 
ſtrong and uniform action on the contrary fide, 
on which the reſiſtance is leſſened with as great 
14 advantages 
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advantages by the other metallic coating, which 
is connected with the earth, and this con 
will continue till the equilibrium is teſtored by 
connecting the oppoſite ſide with a conductor. 

When an electric is excited, the two powers 
are ſaid to be ſeparated.: they are alſo known th 
repel their own particles, and attract the contra 
ry. When one fide of à jar is made poſitive, 
may it not repel the poſitive electricity from the 
other ſide, ſeparating it from the negative, which 
is ſtrongly attracted through the glals ? 

The outſide of the jar cannot WY be ſaid to 
be deprived of its electricity, but only has its 
fluid changed ; and when the fluids are ſepara- 
ted, they are ever eager to conjoin again.“ 


COMBINED APPARATUS. - 


The apparatus repreſented fig. 49, will be 
found exceedingly convenient for making a va- 
riety ,of experiments on the Leyden phial l 
have endeavoured to combine the parts of it in 
ſuch manner, as to render the apparatus exten- 
ſively uſeful, without being complicated. As 

an inſulated pillar of glaſs, which is ſcrewed to 
| the 
* See Eeles's Philoſophical Eſſays; Wilſon's Short View 
of Electricity; and Milner's Obſervations on Electricity. 
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the wooden foot B: all the different parts of the 
apparatus may be ſcrewed alternately on this 
pillar, C is an exhauſted tube of glafs, furniſh- 
ed at each end with braſs caps: at the end D is 
2 valve, properly ſecured under the braſs plate; 
2 braſs wire, with a ball, projects from the up- 
per cap; a pointed wire proceeds from the bot- 
tom plate; this tube is called the luminous con- 
ductor. The flaſk, repreſented at E, is called 
the Leyden vacuum. It is furniſhed with a valve 
under the ball E; this ball unſcrews, in order 
to come more readily at the valve: a wire, with 
a blunt end, projects a little below the neck of 


the flaſk; the bottom of the flaſk is coated with 


tin-foil ; a female ſcrew 1s cemented to the bot- 
tom, in order to ſcrew it on the pillar A. 

Fis a ſyringe to exhauſt the air occaſionally, 
either from the luminous conductor, or the 


" Leyden vacuum.* To do this, unſcrew the 


ball of the Leyden vacuum, or the plate of the 
luminous conductor, and then ſcrew the ſyringe 
in the place of either of theſe pieces, being care- 
ful that the bottom of the female ſcrew G, bears 
cloſe againſt the leather which covers the ſhoulders 
a b, cd, then work the ſyringe, and in a few 


minutes 


* We have now hit upon a-plan of rendering theſe glaſſes 
ſo perfectly air tight, that the ſyringe is ſuperfluous. 
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minutes the glaſſes will be ſufficiently exhauſted. 
H and I are two Leyden bottles, each of which 
has a female ſcrew fitted. to the bottom, in or- 
der that they may be conveniently ſcrewed on 
the pillar A. The bottle H is furniſhed with 2 
belt, that it may be ſcrewed ſideways on the 
pillar A. K and L are two ſmall wires, which 
are to ſcrew occaſionally into either the ball E, 
the kobs e or f, the cap c, or the ſocket g, on 
the top of the pillar : the balls may be unſcrewed 
from theſe wires, which will then exhibit a blunt 
point. M is a wooden table to be ſcrewed on the 
glaſs pillar occaſionally. 


EXPERIMENTS ON CHARGING AND DISCHARG- 
ING THE LEYDEN PHIAL, INTENDED TO ELU- 
CIDATE AND CONFIRM DR. FRANKLIN'S 
THEQRY. 


EXPERIMENT LXXXIV- 


Screw a Leyden phial, whoſe coating is free 
from points, upon an inſulated ſtand, and place 
it ſo that its knob may be in contact with the 
conductor, taking care that no conducting ſub- 
ſtance is near. the coating of the jar: turn the cy- 
linder round a ſufficient number of times to 
charge the phial, then examine it with a diſ- 

charging 


unt 
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charging rod, and you will find it had received 
no charge; which ſhews clearly, that except the 
electric fluid can eſcape from one ſide of the jar, 
it can receive none on the other. If there are 
any points on the coating, or damp on the 
ſtand, the fluid will be carried off by them, and 
the jar will receive a ſmall charge. The air 
which ſurrounds the coating, will alſo ſometimes 
carry off a ſmall quantity of electrieity. 


K XPERIM ENT LXXXV. 


Place the ſame inſulated phial ſo that its knob 
may be about half an inch from the conductor, 
and while the cylinder is turning, hold a braſs 
knob near the coating of the jar; this knob will 
receive a ſpark from the coating for every one 
that paſſes between the conductor and the knob, 
and the jar will in a little time be charged, by 
adding electricity to ane fide, and taking it 
away from the other. 


8 


EXPERIMENT ILXXxXVI. 


Screw the phial a, fig. 42, on the inſulated 
pillar d, and bring its knob in contact with the 
conductor; hold another bottle c, of the ſame 
fze with a, ſo that its knob may be in contact 
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with the outſide coating of the bottle a; turn 


to the bottom ſtem of the quadrant electrome- ; 
ter, and hold the electrometer by a filk firing, Ml cba! 
ſo that the braſs ball may touch the knob of ll il 
the bottle ; obſerve at what height the index _ 
of the/elerometer ſtands, and then remove 
it to the other bottle, which will raiſe the in- 
dex to the ſame height ; ſhewing clearly, that 
the bottle has thrown off from the outfide as 


i} the cylinder, and when the bottle a is charged, 
i} place o on the table, then unſerew a from its 

1 ſtand, and place it alſo on the table, but at | 
| ſome diſtance from the other; fit a braſs ball No 
a 

i 
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2 2 — — —— * 
PI 9 


: mr gte 0 
4 much electricity as it received on the inſide. Py 
q 25 coa 
0 EXPERIMENT LXXXVIL, as 
4 Place the knob of an inſulated bottle in con- N 
| tact with a poſitive conductor, and connect the plc 
5 outer coating with the cuſhion, or a negative 5 
4 conductor, turn the cylinder, and the bottle 80 
* will be charged with its own electricity; the 

4 fluid from the exterior coating being tranſ- 
'Y ferred to the interior one ; the bottle is charg- 

q ed in this inſtance without any communication 
[4 with the earth. 5 
il w' 
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EXPERIMENT LIX XVIII. 
| „ 


connect their outſide coatings by a wire or 
chain, then bring their knobs together, there 
will be no ſpark between them, and the bottles 
will not be diſcharged, becauſe neither fide 
has any thing to communicate ts the other, 


F 
* 


EXPERIMENT LxxX IX. 


Charge the inſulated bottles fig. 43, nega- 
tively, T5 the other poſitively ; connect the 
coating by a chain, and bring the knobs to- 
wards each other, an exploſion will take place, 
and the bottles will be diſcharged. If a light- 
ed candle is placed between the knobs, the ex- 
ploſion will be made through the flame in a 
beautiful manner, and at ſome inches diſtance. 


See fig. 44. 
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Fix a quadrant electrometer to the ball of 


2 Leyden bottle, and charge it negatively; 


when it has received a full charge the index 
will ſtand at go degrees; then place the bottle 
A \ with 


Charge the two bottles, fig, 44, poſitively ; 


l 1 
21 
n 
1 
[ 
i | 
| 
| 
A 
4 
5 
1 
M 
* 
4 
j 
8, 
19 
1 


124 4 RSS ANT ON 


with its electrometer at the poſitive conductor, 
turn the cylinder, the electrometer will de. 
ſcend, and the bottle will be diſcharged by 
the contrary electricity. * 


"EXPERIMENT. XCH, 

Inſulate two Leyden bottles; let their coat- 
ings be in contact, and while you charge the 
inſide of one poſitively, let a perſon, ſtanding 
on the floor, touch the tap of the other with 


his e and it will be charged negatively. 
EXPERIMENT XCII, 


LM, fig. 45, ee a 2 jar, 
which is furniſhed with moveable: coatings of 
tin; the inner one, N, may be removed by 
the filk firings f, g, h; the jar may be 
taken from its outer coating, 5 
Charge the jar, and then remove the coatings, 
bring a pair of pith balls towards the jar, and 
they will be ſtrongly attracted by it replace 
the coatings, and the jar will give a confider- 
able ſhock ; which ſhews, that the power or 
force of the charge is reſident in the glaſs, 
and not in the coatings. 
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EXPERIMENT XC111, 


TV, fig. 46, repreſents a bock, whoſe 
exterior coating is formed of ſmall pieces of 
tin-foil, placed at a little diſtance from each 
other. Charge this bottle in the uſual manner, 
and ſtrong ſparks of electricity will paſs from 
one ſpot of tin- foil to the other, in a variety of 
directions; the ſeparation of the tin- foil mak- 
ing the paſſage of the fluid from the outſide 
to the table viſible. Diſcharge this bottle, by 
bringing a pointed wire gradually near the 
knob, and the uncoated part of the glaſs be- 
tween the ſpots will be pleafingly illuminated, 
and the noiſe will reſemble that of ſmall fired 
crackers. If the jar is diſcharged ſuddenly, 
the whole outfide ſurface appears illuminated. 
To produce theſe appearances the glaſs muſt 
be very dry. 


LEP LEUIMNENT zei. 


String a parcel of ſhot on a filk ſtring, leav- 
ing a ſmall ſpace between each of them; ſuſ- 
pend this from the conductor, ſo that it may 
reach the bottom of a coated phial, which is 
placed on an inſulated ſtand ; connect another 
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ſtring of ſhot to the bottom of the jar and let 
it communicate with the table, turn the ma- 
chine, and a vivid ſpark will be ſeen between 
each of the ſhot, both within and without the 
bottle, as if the fire paſſed through the glaſs, 


EXPERIMENT XCV. 


Hold a phial in the hand which has no coat- 
ing on the outſide, and preſent its knob to- 
wards an electriſied conductor; the fire, while 
it is charging, will paſs from the outſide to 
the hand, in a pleaſing manner; on the diſ- 
charge, beautiful ramifications will proceed 
from that knob of the diſcharger which is on 
the outſide all over the jar. 


EXPERIMENT XCVI, 


Let a chain be ſuſpended from the conduct- 
or and paſs into an uncoated bottle, ſo that it 
does not touch the bottom ; put the machine 
in action, and the chain will move round, in 
order, as it were, to lay the fire on the inſide 
of the jar, and thus charge it by degrees. 
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Fig. 47 repreſents two Leyden phiale, pla- 
ced one over the other. Various experiments 
may be made with this double bottle, which 
are very pleaſing, and elucidate clearly the 
received theory. 

Bring the outſide coating of the bottle A i in 
contact with the prime conductor, and turn 
the machine till the bottle is charged, then 
place one ball of the diſcharging rod upon 
the coating of B, and with the other touch 
the knob of the jar A, which will cauſe an 
exploſion. Now place one ball of the dif- 
charger on the knob of A, and bring the 
other ball to its coating and you have a ſecond 
diſcharge. Again, apply one ball of the diſ- 
charger on the coating of B, and carry the 
other to the coating of A, and it will produce 


a third exploſion. A fourth is obtained by 


applying the diſcharger from the coating of 


A to its knob. 


The outer coating of the upper jar com- 
municating with the infide of the under one, 
conveys the fluid from the conductor to the 
large jar, which is therefore charged poſitive- 
iv; the upper jar does not charge, becauſe 

the 
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the inſide cannot part with any of its electrie 
fluid; but, when a communication is formed 
from the outfide of A to the inſide of B, part 
of the fire on the infide of A will be convey- 
ed to the negative coating of B, and the jar 
will be diſcharged. The ſecond explofion is 
occaſioned by the diſcharge of the jar A; but, 
as the outſide of this communicates by con- 
ducting ſubſtances with the poſitive inſide of 
the jar B, if the ball of the diſcharging rod 
remains a ſmall time after the diſcharge on the 
knob of A, part of the fire of the inſide of A 
will eſcape, and be replaced by an equal quan- 
tity on the outfide from the jar B, by which 
means A is charged a ſecond time; the diſ- 
charge of this produces the third, and of B 
the fourth exploſion. 


THE FOLLOWING PLEASING VARIATIONS OF THE 
FOREGOING EXPERIMENT WERE COMMUNI- 
CATED TO ME BY MR. I. FELL OF ULVERSTON- 


A the upper bottle, B the under bottle. 


Knob of A applied to the conductor, and the- 


charge given. 
iſt diſcharge. Balls of diſcharger from coat- 
ing of A to knob of A. 
2d ditto. From coating of Bto knob of A. 


3d 


3d di: 
4th d 


Coat 


Iſt di 


2d di 


zd di 


5th « 
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za diſcharge. From coating of B to coating 
of A. 
4th ditto, From coating of A to knob 
# "87 
Coating of A applied to the conductor, and 
| the charge given. 


iſt diſcharge. Balls of diſcharger from coat- 


ing of B to knob of A. 


zd ditto. From coating of A to knob 
of A. 

3d ditto, From coating of B to knob 
of A. 

4th ditto. From coating of B to coating 

| of A. | 

5th ditto. From coating of A to knob 

of A. 


Coating of A applied to the conductor, and 
the charge given, touch the knob of A with 
one ball of the diſcharger, the other ball 
communicating with the earth, then pro- 
ceed as follows. 

iſt diſcharge. Balls of diſcharger from coat- 

| ing of A to knob of A. 


2d ditto. From coating of B to knob 
of A. 
3d ditto. From coating of A to knob 
of A. 
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4th diſcharge. From coating of B to knob 


of A. 
Go on thus alternately, and üftecen, fixteen, 
or more diſcharges may be produced. 


THE CONTRARY STATE OF THE TWO OPPOSITF 
SIDES OF A CHARGED LEYDEN BOTILF, 

- SHEWN BY, THEIR RESPECTIVE ATTRACT- 
LVE AND REPULSIVE POWERS. 


KEE SR IIMEASMT n 


Screw the bottle H, fig. 49, with the belt 
fideways on the inſulating ſtand, as in fig. 48, 
and charge it poſitively, then touch the knob 
with a pair of pith balls, theſe will diverge 
with poſitive electricity; hold another pair to 
the coating, and they will ſeparate with neg. 
tive electricity. 


Ran * 


Electrify two pair of the pith balls which 
are fixed to the braſs tubes, as in fig. 22, Pl. II 


by the knob of a poſitively charged bottle, and 


place them at a ſmall diſtance from each other, 
then puſh them together till the ends of the 


tubes are in contact, and the balls will remain 
| in 
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in the ſame ſtate they were in before they were 
brought together, becauſe their electricity is 
of the ſame kind. The reſult is the ſame if 
both pair are electrified by the coating; but if 
one pair is elerified by the coating and the 
other by the knob, when they are brought in 
contact they immediately cloſe. 


EXPERIMENT C. 


A cork ball, or an artificial ſpider made of 
burnt cork with legs of linen thread, ſuſpend- 
ed by filk, will play between the knobs of 
two bottles, one of which 1s charged poſitive- 
ly, the other negatively, and will in a little 
time diſcharge them. 


EXPERIMENT ci. 


A ball, ſuſpended on ſilk, and placed be- 
tween two brafs balls, one proceeding from 
the outfide, the other from the infide of a 
Leyden jar, when the bottle is charged, will 
fly from one knob to the other, and by thus 
conveying the fire from the infide to the out- 
hide of the bottle, will ſoon diſcharge it. 
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An inſulated cork ball, after having receiy- 
ed a ſpark, will not play between, but be 
equally repelled by two bottles which ate 
charged with the ſame power. 


EXPERIMENT Cl. 


At fig. 58 a wire 1s fixed to the under part 


of the inſulated coated phial, b c another wire 


fitted to, and at right angles with the former, 
a braſs fly is placed on the point of this wire; 
charge the bottle, and all the time the bottle 
is charging the fly will turn round; when the 
bottle is charged the needle ſtops. Touch the 
top of the bottle with a finger, or any other 
conducting ſubſtance, and the fly will tum 
again till the bottle is diſcharged. The fly 
will electrify a pair of balls poſitively while 
the bottle is charging, and negatively when 
diſcharging. 


EXPERIMEN T CIV, 


Place a clean, dry, and excited pane of glals 


about one foot ſquare, on an inſulated box with 
pith 
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pith balls, it will cauſe the balls to diverge 
with poſitive electricity, and they will con- 
tinue to repel each other upwards of four 
hours in dry air. When the balls come toge- 
ther, remove the glaſs, and they will open 
with negative electricity; replace the glaſs, 
and they will cloſe ; remove it, and they will 
open again; and thus alternately as long as 
any electricity remains in the glaſs. 

If the pane of glaſs be placed in a frame 
of wood, and a light pith or cork ball be laid 
on its ſurface, on preſenting towards it the 
end of a finger, or the point of a pin, the 
ball will recede from them with a very briſk 
motion, and may thus be driven about on the 
ſurface of the glaſs, like a feather in the air 
by an excited tube. The ball being deprived 
of its electricity by the pin, it inſtantly flies 
to that part of the glaſs which attracts it 
moſt forcibly. 

To excite the pane of glaſs ; lay it upon a 
quire of large paper, well dried, and then 
rub it with a piece of clean dry flannel. 
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THE CONTRARY STATES OF THE DIFFERENT 
.- SIDES | OF A LEYDEN PHIAL, AND Ty 
DIRECTION OF THE ELECTRIC FLUID 1y 
THE CHARGE AND DISCHARGE THEREOF, 
INVESTIGATED BY THE APPEARANCE 0p 
THE ELECTRIC LIGHT. 


In Chap. VI. we obſerved, that the differ. 
ent appearances of light on electrified points 
was deemed a criterion of the direction 
of the electric fluid; that the luminous 
ſtar ſhews a point in receiving the electrie 
matter, whilſt the luminous bruſh, or cone, 
indicates that it is proceeding from 
point, e 


We ſhall now examine the ſtate of the dit. 
ferent ſides of the Leyden bottle by theſe ap- 
Pear ances, ö | 


Hp 


""BXPERIMENT CV. 

Screw the jar I on the inſulating pillar, and 
the pointed wire into the hole g, place another 
pointed wire at the end of the conductor, bring 
the knob of the jar near this wire, and then 


turn the cylinder, a pencil of rays will diverge 
from 
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from the pointed wire in the conductor to the 
knob of the jar, at the ſame time another 
pencil of rays will diverge from the point at 
the bottom into the air. See fig. 50. 

Repeat this experiment with the negative 
conductor, and a luminous ſtar will appear on 
the end of each wire. 


rA. rr el. 


Screw a pointed wire into the knob of the 
jar, (ſee fig, 51) charge the bottle poſitively, 
the fire will be received from the conductor 
by the pointed wire, and appear there as a 
luminous ſtar, while the wire on the outfide of 
the jar will throw off a diverging cone. 


Fig. 52 repreſents the foregoing appearances 
reverſed, by charging the jar negatively at tlie 
poſitive conductor. 


This experiment may be farther varied, 
by applying the bottle to a negative con- 
ductor. 5 
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EXPERIMENT evi. 


After the jar is charged, as in the foregoing 
experiments, turn that wire from the cylinder 
which before was neareſt to it, then put the 
machine in action, and the afflux and efflux 
will be more apparent than before; one point 
throwing off, and the other receiving the fluid 
with extreme avidity, which will in a little 
time diſcharge the jar, 


EXPERIMENT cv.. 


4 


Charge the jar as before, then touch the 
wire which is connected with the negative fide, 
and the oppoſite wire will throw off a diverging 
cone; but, if the poſitive fide is touched, a 
luminous cone only will be ſeen on the other 
wire. | | 


EXPERIMENT CIX, 


Fig. 53 is an electric jar, BB the tin-foil 
coating, C a ſtand which ſupports the jar, D 
a ſocket of metal which carries the glaſs rod 
E; a curved metallic wire, pointed at each 
end, is fixed to the end of the rod G, which 
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rod is moveable at pleaſure in a ſpring tube N, 


that tube being fixed by a ſocket upon the 
top of the glaſs rod E, the charging wire 
communicates with the different divifions of 


the inſide coating of the jar by horizontal 
wires. erte 


Place the jar as uſual, and put the machine 


in action, a ſmall luminous ſpark will appear 
upon the upper point of the wire F, (a plain 


indication that the point is then receiving elec- 
tricity from the upper ring of the coating on 
the outſide of the jar) a fine ſtream or 
pencil of rays will at the ſame time fly off, 
beautifully diverging from the lower point of 
the wire F upon the bottom ring of the coat- 
ing on the jar; when theſe appearances ceaſc, 
which they will as ſoon as the jar is charged, 
let a pointed wire be preſented towards the 
prime conductor, this will ſoon diſcharge the 
jar ſilently, during which, the lower point 


will be illuminated with a ſmall ſpark, while 


the upper point of the wire will throw off a 
pencil of rays, diverging towards the upper 
ring of the coating. 


EXPERIMENT Cx. 


Take a Leyden phial, the neck of which 
ſhould not be very broad, ſet the coating on 
the 
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the conductor, and charge it negatively ; when 
charged, if not too dry, the upper edge of the 
coating will throw off one or more bruſhes of 


light into the air, which will vifibly incline 


towards the charging wire of the bottle, and 
ſometimes actually reach it. Preſent the knob 
to the prime conductor, and charge the jar 
poſitively, a ſmall ſpark of light will firſt ap- 
pear on the edge of the cork in the neck of 
the bottle, through which the wire paſſes after 
a few turns of the cylinder ; this ſpark becomes 


a bruſh, darting out from the cork, and gra- 


dually lengthening till it forms an arch, the 
end of it extending downwards till it reaches 
and touches the end of the coating. If the 
bottle be dry, it will in both caſes be diſ- 
charged ſpontaneouſly. See fig. 54 and 55. 


EXPERIMENT Cx. 


An inſulated poſitively charged bottle will 


give a ſpark from its knob to an excited tick 


of wax, while no ſpark will paſs between it 
and an excited glaſs tube. | 


EXPERIMENT CXIL. 


An analyſis of the Leyden phial, by means 
of the Leyden vacuum E, fig. 49, Screw 
this 


ans 
reW 


his 
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this on the inſulated ſtand, with the pointed 
wire from the bottom. , Fig. 56 repreſents the 
appearance of the fluid on the points when the 
bottle is charged negatively, at a conductor 
loaded with poſitive electricity. 

Fig. 57 the appearances it diſplays when it 
is charging poſitively at the ſame conductor. 

Fig. 59 is the ſame bottle charging poſitive- 


ly at a negative conductor. Fig. 60 it is 


charging negatively at the ſame conductor. 


EXPERIMENT cxii. 


Fig. 61 repreſents the luminous conductor 
on the inſulating ſtand. Set the collecting 


point near the cylinder, and place the Knob of 


an uncharged phial in contact with the ball, 
or hang a chain from it to the table, and, on 
working the machine, the ball will be envelo- 
ped in a denſe electric atmoſphere. If the 
point be brought in contact with an inſulated 
rubber, and a communication is made from 
the ball to the table, the atmoſphere will be 
on the point in the tube. If a bottle, poſitive- 
ly charged, be preſented, the appearances in 
the tube will be as delineated in fig. 62. But, 
if a bottle negatively charged be thus applied, 


the appearance will be as in fig. 61. 
This 
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This tube, when mounted on its inſulating moſp 
ſtand, may be uſed inſtead of the prime con- of tl 
ductor, and all the common experiments may 
be performed with it; the tube will be lumin. 
ous during the whole of the operation. p 

ball: 
OF THE DIRECTION OF THE ELECTRIC MAT- very 
TER IN THE DISCHARGE OF THE LEYDEN ther 
PHIAL. | traC 
EXPERIMENT CXIV. the 

Place a charged jar on a ſmall glaſs ſtand 
under the receiver of an air pump ; as the re- 
ceiver is exhauſting the electric fire will iſſue 4 
from the wire of the phial, in a very lumin- tle 
ous pencil of rays, and continue flaſhing to 
the coating till the air is exhauſted, when the - 

uf 


jar will be found to be diſcharged. 


If the phial is charged negatively, the cur- cu 
rent of fire will appear to have a different di- 
rection from that which it had before. 

From this experiment we may infer the ct- 
fects of the atmoſpheric preſſure upon the 4 
charge of the Leyden phial, and learn that it is th 
the natural boundary to every charge of electri- i0 
city we can give; and, conſequently, that 2 = 


phial would contain double the charge, in air 
doubly condenſed, as it does in the common at- 
moſphere, 
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moſphere, ſince it would increaſe the intenſity 
of the electric atmoſphere. 


AG ENS & & . 


Place a ſmall lighted taper between the two 
balls of the univerſal diſcharger, then paſs a 
very ſmall charge of a pofitive phial through 
them, and the flame of the taper will be at- 
traced in the direction of the fluid towards 
the coating. See fig. 63. | 


EXPERIMENT CXxv1. 


The ſame ſmall charge from a negative bot- 
tle will reverſe the appearance. 

In both theſe experiments it is neceſſary to 
uſe the leaſt charge that can be given, juſt 
ſufficient to leap the interruption in the cir- 
cult. 


EXPERIMENT CXVIL. 


Place. a card on the table of the univerſal 
diſcharger, and bring one of the points under 
the card, then connect this point with the coat- 
ing of a jar poſitively charged, place the other 
point on the top of the card, and at about an 


inch and a half from the former ; now compleat 
the 


1 — 
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the circuit, by bringing a diſcharging rod from be pr 
the laſt wire to the top of a bottle, and diſch 
the electricity will paſs through the upper black 
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| wire, along the ſurface of the card, till it loure 

0 comes to the point which is underneath, where ed fr 

ii} it will make a hole in the card, and paſs thro Ml infid: 

i the wire to the coating of the bottle. See cates 

| fig. 64. | a ho 

ö EXPERIMENT CXVIIF. — 

1 4 Four cork balls, A, B, C, D, being placed 1 

5 at equal diſtances from each other, from the im 
p balls of the diſcharging rod, and from the coat- 
. ing of a poſitively charged bottle; on making 

the diſcharge, the ball A next the rod was L 

repelled to B, which was again repelled to C, ſligl 

C remained immoveable, but D flew to the rup! 

coating of the bottle, be \ 

terr 

EXPERIMENT CXIX, — 

tig 

Take a card, and paint both ſides with cin- mui 

nabar about the breadth of the finger, fix this atio 

card vertically by a little wax on the table of ate] 

the univerſal difcharger, let the pointed ends Th 

of one of the wires. touch one fide of the card, thi 


and the end of the other wire the'oppofice fide; 
the diſtance of the points from each other muſt 
be 


iced 
the 
Oat- 
ing 
was 
C, 
the 
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be proportioned to the ſtrength of the charge ; 
diſcharge a jar through the wires, and the 
black mark, left by the exploſion on the co- 
loured band, ſhews that the electric fluid paſſ- 


ed from the wire, communicating with the 


inſide of the bottle, to that which communi- 
cates with the outfide, againft which it makes 


a hole. 


EXPERIMENTS WHICH SEEM TO MILITATE 
AGAINST THE RECEIVED THEORY OF 
ELECRTICITY. 


* 
\ 
— 


EXPERIMENT cxx. 


Let the ſurfaces of an electric plate be very 
ſlightly charged and inſulated, let an inter- 
rupted circuit be formed, the two powers will 
be viſible, illuminating the points of the in- 
terrupted circuits, and each power will ap- 
pear to extend farther from the ſurface con- 
tiguous to it, the ſtronger the charge is com- 
municated to the plate; but, if the illumin- 
ations on each ſide meet, there will immedi- 
ately follow an exploſion of the whole charge. 
The length of the interrupted circuit uſed for 
this experiment was twelve feet.“ 


* Atwood's analyſis of a courſe of lectures, p. 121. 
| E X- 
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EXPERIMENT CXXI. 


If a cylindrical plate of air, contained in 
the receiver of an air pump, be charged, itis 
obſerved, the more air that is exhauſted from 
between the ſurfaces the more eaſily the pow- 
ers will unite. 


EXPERIMENT cxxII. 


If an exhauſted receiver be made part of the 
electric circuit, and the charge ſhould not be 
ſufficient to cauſe an exploſion, an electric 
light will appear to proceed in oppoſite direc- 
tion from the parts communicating with the 
negative and poſitive ſurfaces. 


EXPERIMENT cxxIII. 


Let a coated phial be fet on an inſulating 
ſtand, and let its knob be touched by the knob 
of another phial negatively electrified, a ſmall 
ſpark will be. ſeen between them, and both 
fides of the inſulated phial will be inſtantly 
negatively electrified.“ 

*Faſten a pith ball electrometer by a little 


* Encyclopzdia Britannica, Vol, IV. p. 2698. 
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wax to the outſide coating of a jar, charge the 
jar ſlightly with poſitive electrieity, and ſet it 
on an inſulated ſtand, the ball will either not 
diverge, or only a very little; bring the knob 
of a bottle which is ſtrongly charged with 
poſitive electricity near the knob of the former, 
and the balls will diverge with poſitive elec- 
tricity. 


EXPERIMENT cxxv. 


Let the ſame phial, with the pith balls af- 
fixed to its outſide coating, be ſlightly charged 
negatively, and then inſulated, bring the knob 
of a phial, which is ſtrongly electrified nega- 
tively, to that of the inſulated one, and the 
pith balls will diverge with negative electri- 
city, 


EXPERIMENT CxxvI. 


Charge a jar poſitively, and then inſulate it, 
charge another ſtrongly with negative electri- 
city, bring the knob of the negative bottle 
near that of the poſitive one, and a thread will 
play between them; but, when the knobs 
touch each other, the threads, after being at- 
tracted, will be repelled by both. The nega- 

L tive 
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tive electricity is ſome how ſuperindueed oy 
the poſitive, and, for a few minutes after they 
are ſeparated, both will appear negatively 
eleQrified ; but, if the finger is. brought near 
the knob of that bottle on which the negative 
electricity was ſuperinduced, it will inſtantly 
be diſſipated, a ſmall ſpark will ſtrike the fin- 
ger, and the bottle will be poſitively charged 
as before. 

One of the poſitions which ſupport the 
Franklinian hypotheſis, has been already con- 
ſidered; we are now at a proper ſtage for 
pointing out ſome of thofe deficiencies which 
have been. obſerved in other parts of it. To 
ſupport this hypothefis, it is neceſſary to 
maintain THAT SLASss AND: OTHER ELECTRIC 
SNBSTANCES, THOUGH THEY. CONTAIN. A GREAT 
DEAL OF ELECTRIC MATTER, ARE NEVERTHE- 
LESS IMPERMEABLE TO fr. | 

This poſition appears contradictory at the 
the firſt view, for it is not eaſy to conceive, 
that any ſubſtance can be ſull of a fluid and 
yet impermeable by it. Eſpecially, when a 
confiderable quantity of this fluid is taken from 
one fide, and added to the other; and what 
is more ſurpriſing, the thinner the glaſs, and 
the leſs quantity it is capable of containing, 


the 
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the more we are able te put into, and the 
ſtronger will be the charge.“ 

The following among other experiments, hes 
been adduced as a ſtrong argument in favour of 
the im permeability of glaſs. Let a coated phial 
be ſet upon ary inſulated ſtand, and the knob of 
another coated phial be brought near it; now 
fot every ſpark diſcharged from the prime 
conductor to the knob of the firſt jar, a ſpark 
will paſs from the coating of the firſt to the 
knob of the ſecond! now a common ob- 
ſerver generally imagines that the fire runs 
through the glaſs ; Dr. Franklin concludes it 
does not; beeauſe there is found a great accu- 
mulation of electricity on the inſide of the 
jar, which manifeſts itſelf when the infide and 
outfide- are made to communicate with each 
other. But we cannot from this and ſimilar 
experiments eonelude that glaſs is impermeable, 
except we ſuppoſe the eleQric matter to be 
accumulated on one fide of the glaſs, and de- 
ficient on the other; but this has never yer 
been proved, it has indeed been faid, that if 
glafs was permeable to this fluid, it could 
never be charged, but this reſts wholly on the 
ſuppoſition, that there is an accumulation of 
the fluid in bodies - poſitively electrified, and 


* Encyclopedia Britannica, p. 2687. 
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a deficiency in thoſe which are negatively 
ſo.* 21 


Mr. Wilſon, to prove the permeability of 


glaſs, took a very large pane of glaſs a little 


warmed, and holding it upright by one edge, 
while the oppoſite edge reſted upon wax, he 
rubbed the middle part of the ſurface with 
his finger, and found both fides electrified 
PLUS; he accounted for this from the electric 
fluid paſting through the glaſs from his finger. 
But Dr. Prieſtley ſays this appearance ought 
to take place on Dr. Franklin's principles ; for 
the fire given to the glaſs by the finger on one 
fide, repels an equal quantity from the other, 
which ſtands as an atmoſphere, ſo that both 
fides appear poſitively ele&rified. Mr. Wil 
ſon tried alſo another experiment, which ſeems 
mote decifive than the former. Having by 
him a pane of glaſs, one fide of which was 
rough, and the other ſmooth ; he rubbed it 
on one ſide, upon doing this both fides were 
electrified minus. Dr. Prieſtley attempts to re- 
concile this to Dr. Franklin's hypothefis, as 
the electric fluid, contained in the glaſs, ſays 
he, was kept equal on both fides by the com- 
mon repulſion. If the quantity on one fide is 
diminiſhed, the fluid on the other fide being 


* Ibid, p. 268). 


leſs 
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leſs repelled retires 1NwaARD, and leaves that 
ſurface Mil But ſurely thoſe words mili- 
tate ſtrongly againſt the ſyſtem he means to 
eftabhſh, The quantity of fluid in one fide 
being diminiſhed, that on the other, he ſays, 
RETIRES INWARD., But, into what does it 
retire? If into the ſubſtance of the glaſs, 
then is the glaſs permeable by it, which is the 
yery thing Dr. P, argues againſt.* 

Dr. Franklin's theory reſts upon the follow- 
ing poſition, . That poſitive electricity is an 
ce accumulation, or too great a quantity of 
« electric matter contained in a body; and 
ce negative electricity is when there is too 
« little,” Of this however there is not one 
proof, and all the attempts that have hitherto 
been made to prove it, are only arguing in a 
circle, or proving the thing by itſelf, Thus, 
for inſtance, a body electrified poſitively, at- 
tracts one that is electrified negatively, be- 
cauſe the firſt has too much and the other too 
little electric matter. But how do we know 
that one has too much and the other too little 
electricity? Becauſe they attract each other. 

Again, it has been proved, that when a 
jar is electrified poſitively, there is as conſtant 
2 ſtream of fire from the outſide coating, as 


* Ibid, p. 2688. 
L 3 there 


3 
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there is from: the conductor to the infide coat. 
ing. Therefore, it is ſaid, the outfide has too 
little, and the inſide too much electricity. 
But how is this known to be the caſe? Be. 
cauſe in the above experiment one fide has 
too much and the other too little electricity. 
Thus, in every inftance, the arguments for 
Dr. Franklin's hypotheſis return into them- 


ſelves, and no concluſion can be drawn from 


If the reader wiſhes to inveſtigate this 
fubje& further, he may confult Eeles's Phi- 
loſophical Effays, Wilſon's ſhort View of 
Electricity, Marat's Recherches Phyfique ſur 
FEle&ricite, Milner's Obſervations, Lyons 
Obſervations and Experiments on Electricity, 
and the Encyclopedia Britannica, 


*Ibid, p. 2691, 
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CHAP. VIII. 


or THE ELECTRICAL BATTERY, AND THE LA- 
TERAL EXPLOSION OF CHARGED JARS, 


O increaſe the force of the electric explo- 
ſion, ſeveral Leyden phials are connected 
together in a box; this collection is termed an 
electrical battery. Fig. 65 repreſents one of 
the moſt approved form. 

The bottom of the box is covered with tin- 
foil, to connect the exterior coatings; the in- 
ſide coatings of the jars are connected by the 
wires b, c, d, e, f, g, which meet in the 
large ball A; C is a hook at the bottom of the 
box, by which any ſubſtance may be connect- 
ed with the outſide coating of the jars; a ball B 
proceeds from the inſide, by which the circuit 
may be conveniently compleated. The follow- 
ing precautions are neceſſary to be attended to 
by thoſe who make uſe of an electrical bat- 

tery. 
Io keep the top and uncoated part of the 
jars dry and free from duſt, and after the ex- 
ploſion to connect a wire from the hook to the 
ball, which ſhould be left there till the batteay 

5 Le 4 18 
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is to be charged again, which will totally ob. 
viate the inconveniencies that have occaſion. 
ally happened from the reſiduum of a charge 

If one jar in a battery is broke it is impoſ. 
ſible to charge the reſt till the broken jar js 
removed *. 

To prevent the jars of a large battery break. 
ing at the time of the exploſion, it has been 
recommended not to diſcharge a battery through 
a good conductor, except the circuit is at leaſt 
five feet long; but what is gained on one hand 
by this, method 1s loſt on the other, for, by 
lengthening the circuit the force of the ſhock 
is weakened proportionably, 

I have been informed, that it is very diffi 
cult to break by an exploſion the jars which 
are made of green glaſs, fabricated at New- 
caſtle, but haye had no opportunity to make 
any experiments on this glaſs myſelf. 

The force of a battery may be conſiderably 
increaſed by concentrating the ſpark from the 
exploſion, which is effected by cauſing it ta 
paſs through ſmall circuits of non- conducting 


* A cracked jar may be made to receive a charge, by 
taking away the external and internal coatings which were 
over the crack, fo as to leave a ſpace of about one fourth 
of an inch, between the crack and remaining tin-foil. 


ſubſtances. 
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ſubſtances. By this means the reſiſting medi- 
um, through which the ſpark is to paſs, may 
be ſo prepared as to augment its power. If the 
ſpark is made to paſs through a hole in a plate 
of glaſs, one twelfth or one ſixth part of an 
inch in diameter, it will be leſs diſſipated, more 
compact and powerful. If the part round the 
hole is wetted with a little water, the ſpark, 
by converting this into vapour, may be con- 
veyed to a greater diſtance, with an increaſe of 
rapidity, attended with a louder noiſe than 
common. 5 

Mr. Morgan, by attending to theſe and 
ſome other circumſtances, has melted wires, 
&c. with ſmall bottles. I hope he will be 
induced to communicate this, as well as the 
reſt of his important diſcoveries, to the public, 


EXPERIMENT CcxxVVII. 


Paſs the charge of a ſtrong battery through 
two or three inches of ſmall wire, it will ſome- 
times appear red hot, firſt at the poſitive ſide, 


and the rednefs will proceed regularly towards 
the other end. 
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EXPERIMENT cxxvrII. 


Diſcharge a battery through a quire of pa. 
per, a perforation will be made through it; 
each of the leaves is protruded by the ſtroke 
from the middle towards the outward leaves, 2 
if the fire darted both ways from the center, 
If the paper is very dry, the fire meets with 
more difficulty in its paſſage, and the hole i; 
ſmall. If that part of the paper, through 
which the exploſion is made, is wet, the hole 
is larger, the light more vivid, and the ex- 
ploſion louder. | 


EXPERIMENT CXXIX. 


The diſcharge of a battery through a ſmall 
ſteel needle will, if the charge is ſufficient, 
communicate magnetiſm to the needle, 


EXPERIMENT CAXX. 


The diſcharge of a battery through a ſmall 
and ſlender magnetic needle, will generally de- 
ſtroy the polarity of the needle, and ſometimes cha 

invert 
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invert the poles thereof. To ſucceed in this 
experiment, it is often neceſſary to paſs ſeveral 
ſtrong charges through the netdle before it is 


ve. MY removed from the circuit. 
it; It appears, from Beccaria's experiments, that 


-oke the magnetic polarity, which 1s communicated 


, 4; to the needle by electricity, depends on the po- 
ter, fition of the needle when the charge is ſent 
vith through it, and is not regulated by the direc- 


> 18 tion of the electric matter in entering the 
Joh needle, | 

ole 

ex- 


EXPERIME NM T cxXXI. 


Let a quire of paper be ſuſpended by a line 
in the manner of a pendulum from any con- 
venient altitude, ſo that its plane may be ver- 

all tical, Let the largeſt charge from a battery 
nt, be cauſed to paſs through it, while quieſcent in 
an horizontal direction perpendicular to the 
plane, the rads of communication not touching 
the paper; the phenomena are: firſt, the aper- 
ture mentioned in Exe. cxxviir, the leaves be- 
ing protruded both ways from the middle: 
ſecond, not the ſmalleſt motion is communi- 


cated to the paper from the force of the diſ- 
charge. 
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A quire of the thickeſt and ſtrongeſt pape 
was made uſe of for this experiment, the height 
from which it was ſuſpended ſixteen feet. It i 
an extraordinary appearance on the hypotheſi 
of a ſingle electric fluid, that a force ſufficient 
to penetrate a ſolid ſubſtance of great tenacity 
and coheſive force, ſhould not communicate the 
fmalleſt motion to the paper, when a breath of 
air would cauſe ſome ſenſible vibration in it, 
But this difficulty is not unanſwerable: for a 
velocity may be aſſigned, with which a body 
impinges againſt and paſſes through a pendu- 
lum of any given weight and reſiſting force, ſo 
that a ſmaller angular velocity ſhall be com- 
municated to it, than any that ſhall be propoſed, 
and we know no limit to the velocity of the 
electric power or powers. But the other pheno- 
menon, i. e. the oppoſite direction in which 
the leaves are protruded, tends very much to 
ſtrengthen the opinion of two oppoſite currents: 
perhaps either of thoſe phenomena conſidered 
ſimply, may admit of an eaſy ſolution from the 
_ hypotheſis of a ſingle power, when they are 
taken both together, it ſeems more difficult to 
reconcile this hypotheſis with matter of fact “. 


* Atwood's Analyſis. 
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EXPERIMENT cxxxII. 


Diſcharge a battery through a ſlender piece 
of wire, ex. gr. one goth of an inch in diameter, 
the wire will be broken to pieces, or melted, 
ſo as to fall on the table in glowing balls. 

When a wire is melted in this manner, the 
ſparks fly frequently to a conſiderable diſtance, 
being ſcattered by the exploſion in all direc- 
tions. | 

If the force of the battery is very great, the 
wire will be entirely diſperſed by the force of 
the exploſion. Small particles of ſuch ſub- 
ſtances as cannot be eaſily drawn into wire, as 
platina, grain gold, ores, &c. may be placed 
in a groove of wax, and then put into the cir- 
cuit, if a diſcharge of ſufficient ſtrength is paſſed 
through them they will be melted. 

The force by which wires are melted by a 
battery varies with the length of the circuit, as 
the fluid meets with more reſiſtance in pro- 
portion as the paſſage through which it is to 
paſs is longer. Dr. Prieſtley could melt ninc 
inches of ſmall iron wire at the diſtance of fif- 
teen feet, but at twenty feet diſtance he could 
only make fix inches of it red hot, ſo that me- 


tals reſiſt with conſiderable force the paſſage of 
the 
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the electric fluid, and therefore in eſtimating 
the conducting powers of different ſubſtances, 
their length muſt be particularly attended to. 


EXPERIMENT CXXXII, 


Incloſe a very lender wire in a glaſs tube, 
diſcharge a battery through this wire, and it will 
be thrown into globules of different ſizes, which 
may be collected from the inner ſurface of the 
tube: they are often found to be hollow, and 
little more than the ſcoria of the metal. 

Many experiments have been made, in order 
to try the different conducting powers of me- 
tals, by paſſing the diſcharge of ' a battery 
through them ; but it has not yet been determin- 
ed, whether the greater facility with which ſome 
metals are exploded depends on the eaſe with 
which the fluid paſſes through them, or whether 
it poceeds from the degree of reſiſtance they 

make to its paſſage, or from a want of ducti- 
ty in the metal, which is therefore leſs cap- 
able of expanſion. 


E X- 


Diſc 
is laid 
on the 
the ch 
more © 


Tak 
3by 2 
betwee 
yond t 
pieces 
charge 
EF, f 
and p: 
force 


it wit] 


that 1; 
be me 
force 
denſit. 
tity of 
condu 


ing 


* 


e 159 


EXPERIMENT CXXXIII. 


Diſcharge a battery through a chain which 
is laid on paper, and black marks will be left 
on the paper in thoſe places where the rings of 
the chain touch each other; the rings will be 
more or leſs melted at thoſe places. 


EXPERIMENT CXXXIV. 


Take two pieces of window glaſs, of about 
3 by 2 inches, place a ſlip of braſs or gold leaf 
between them, leaving the metallic leaf out be- 
yond the glaſs at each end; then place the two 
pieces of glaſs in the preſs. of the univerſal dif- 
charger, bring the points of the wires E T, 
EF, fig. 33, to touch the ends of the leaves, 
and paſs a diſcharge through them, which will 
force part of the metal into the glaſs, and ſtain 


it with a colour which differs from the metal 


that is made uſe of. The metallic leaf ſhould 
be made narroweſt in the middle, becauſe the 
force of the electric fire is in proportion to its 
denſity, which is increaſed when the ſame quan- 
'ity of fire is compelled to paſs through fewer 
conducting particles. 


The 
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The exploſion in melting the ſtripes of leaf. 
gold, &c. renders them non-conduCting, any 
leſs capable after each diſcharge to tranſmit 
another. Some particles of the metal are drive 


formed 
cements 
it is pre 
various 


into the glaſs, which is really melted ; thoſe Place 
parts of the metal which lye contiguous to the the bal 
glaſs are the moſt perfectly fuſed. The piece; of the 

of glaſs which cover the ſlip of metal are gene- Wwires, 
rally broken to pieces by the diſcharger. wood v 
into th 

EXPERIMENT Cxxxvi chem. 


Place a thick piece of glaſs on the ivory plate 
of the univerſal diſcharger, fig. 3, Pl. II, and 
a thick piece of ivory on the glaſs, on which: 
weight from one to ſeven pounds is to be placed; 
bring the points of the wires EF ET againſt 
the edge of the glaſs, and paſs the diſcharge 
through the wires, by connecting one of the 
wires, as EF, with the hook C of the bat. 
tery, fig. 65, Pl. IV, and forming a communr 
cation, when the battery is charged, from the 
other wire ET to the ball, and the glaſs wil 
be broken, and ſome part of it ſhivered to an 
impalpable powder. When the piece of glal 
is ſtrong enough to reſiſt the ſhock, the glas 
is often marked by the exploſion with the mol 
lively and beautiful colours. I have been ir. 

formed 
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leaf. formed by Mr. Morgan, that if the glaſs is 
and Wl cemented down the effe& is the ſame as when 
(mit it is preſſed by the weights; and this mode is in 
iren ¶ various experiments more convenient. 
hole Place a piece of very dry white wood between 
the the balls of the univerſal diſcharger, the fibres 
reces Nof the wood to be in the fame direction with the 
rene» Wi wires, paſs the ſhock through them, and the 
wood will be tore to pieces, or run the points 
into the wood, and then paſs the ſhoek through 
them. 


plate EXPERIMENT OXXXVIL 


ich: If the diſcharge is paſſed under the piece of 


ced; ivory with the weights upon. it, without any 
glaſs between the piece of ivory and the table 


of the univerfal diſcharger, the weights 
will be hfted up by the lateral force ot the diſ- 
charge; the number of weights muſt be pro- 
portioned to the farce of the eæploſion. 


PXPERIMENT exxxvrrr. 


glaß ouching a charged jar, b is another infulated 
mo d, placed in a line with and near to the for- 


, M which 


Fig. 66, a, reprefents an infolated rod, nearly 


mer; make the diſcharge by the rod e, from 
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which a chain hangs that does. not touch the 
bottom of the jar, and the rod b will receiy: 
an electric ſpark, which quits it again almoſt it 
the ſame inſtant, becauſe the fineſt thread 
hung upon it will not be ne 15 the 
1 5 ; 
This electrical appearance; ithovt the eit 
euit of a diſcharging jar, is called the Laterd 
Explofion. 

If pieces of cork, or any light bodies, be 
placed near the exploſion of a jar or batter, 
they will be moved out of their place in all di 
rections from the. center of the exploſion; and 
the greater the force of the exploſion, ſo much 
greater will the diſtance be to which they ar 
removed. It is not ſurpriſing, therefore, that 
heavy bodies ſhould be removed to conſiderable 
diſtances by a ſtrong flaſh of lighrening, D. 
Prieſtley apprehends, that this ſpecies of latenl 
force is produced by the exploſion of the air 
from the place through which the electric di 
charge paſſes. 

This lateral force is not only exerted in tht 
neighbourhood of an explofion, when it | 
made between pieces of metal in the open alt, 


but alſa when it is tranſmitted through piece 


of wire that are not thick enough to conduct i 


perfectly. The ſmaller the wire is, and tit 
| great 
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greater the fuſion, the greater is the diſperfion 
of light bodies near it. 


EXPERIMENT CXXXIX. 


If circuits, different in length and of differ- 


ent ſubſtances, form a communication between 
two charged ſurfaces of an electric plate, it is 


obſerved, the diſcharge will be made through 
the beſt conduttors, whatever be the length of 
the others. 

2. If circuits of the ſame ſubſtance be dif- 
ferent in length, the diſcharge will be made 
through the ſhorteſt of them. 

3. If the circuits be the ſame in every re- 
ſpect, the diſcharge will be made through many 
of them at the ſame time.* 

If one circuit conſiſts of undried wood, and is 
of conſiderable length in compariſon of another 
which conſiſts of metal, the diſcharge will be 
made wholly through the latter, unleſs the charge 
ſhould be very great, in which caſe ſome ſmall 
part will paſs through the wood. 

If a ſhort metallic rod and any part of the 
human body form two circuits between the ſame 
charged ſurfaces, the diſcharge will, in general, ' 
be made wholly through the metallic rod; but 


* Atwood's Analyſis, p. 119, 120. 
M 2 is 
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x the diary: is very great, or 16 the rod is ven 
ſlender, or if it ſhould be very lang, in eicher gf 
theſe caſes the diſcharge may be perceived tg 
paſs through that part of the bady which form 
one of the circuits. 

This will be the cafe when the charge is fil, 
but it may be fo, mereaſed as to pals: through 
both the langer and ſhorter circuits, 

1 have been informed by a gentleman, thy 
it was his cuftom to make à variety of circuits 
for the diſcharge of*a large jar or battery; and, 
that having a ſufficient number of theſe, he 
could introduce himſelf into one of them, and 
take his part of the ſhock without inconveni 

ence, it even was not diſagreeable ; and be 
could by this means leſſen the ſenſation almoſt u 
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nothing. this 
longe 
EXPERTMENT CXL, the ja 
| inche 
Mr. Henly made a double circuit, the firf tat v 
by an iron bar, one inch and a half in dians i eight 
ter, and half an inch thick; the ſecond, H fu-d 
four feet and a half of ſmall chain, On di. charge 
charging a jar, containing five hundred ſquare lumir 
inches of coated ſurface, the electricity paſſe alſo t! 
in both circuits, ſparks being viſible on th il of lig 
ſmall chain in many places. On making the At 
Bumb 


diſcharge of three jars, containing together fr 
teen 


2'L @ C/T:Rj1-CIP . abs 


very Wl deen ſquare feet of - comted ſurface, through 
er of three different chains at the ſame time, fig. 67, 
edo bright ſparks were viſible in them all. The 
orm chains were of iron and braſs, of very differ- 
ent lengths; the ſborteſt ten or twelve inches, 
mall, WI the longeſt many feet in length. When thoſe 
ough jars were diſcharged through the iron bar be- 
fore-mentioned, together with a ſmall chais, 
the three-quarters of a yard in length, the whole 
cut chain was illumined, and covered throughout 
and, with beautiful rays, like briſtles, or golden 
e, he hair. Having placed. a large jar in contact 
„ ant WI with the prime conductor, and affixed to the 
wee: coating of it an iron chain, which was alſo eon- 
d be dected with a plate of metal, on which was 
oft u made the diſcharge by the diſcharging rod: 
chis done, he hooked another chain, much 
longer, and of braſs, to the oppoſite fide of 
the jar, and brought the end of it within eight 
inches and an half of the metal plate. In con- 
tat with this end a ſmall oak ſtick was laid, 
eight inches long, which was covered with 
law-duſt of fir-wood. On making the dif- 
charge upon the plate, both the chains were 
luminous through their whole lengths, as was 
alſo the ſaw-duſt, which was covered by a ſtreak 
of light, making a very pleaſing appearance. 
At the glaſs-houſe there is generally a great 
number of ſolid ſticks of glaſs, about one quar- 
M 3 ter 
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ter of an inch diameter; if theſe be examine cha 
narrowly, ſeveral of them will be found tubu- rect 
lar a confiderable length; the diameter of the diſc 
cavity ſeldom exceeds the zooth part of an inch, I 


Select and break off the tubular part, which vert 


may be filled with quickfilver by ſucking, care Dr. 


being taken that no moiſture previouſly infiny. wit! 
ates itſelf; the tube will then be prepared the 
for the experiment. plac 
dro! 

| cen 

EXPERIMENT CXLI, of t 

piec 


Paſs the ſhock through this ſmall thread of 


quickſilver, which will be inſtantly diſploded, by 
and will break or ſplit the tube in a curios Rt 
manner. ＋ | Cant 
of t 
| flu 
EXPERIMENT CXLIL. the 
| whi 
Take a glaſs tube, the bore of which is about 
one quarter of an inch, fill it with water, and 
ſtop the ends with cork, inſert two wites 
through the corks into the tube, ſo that their | 
ends may nearly touch, make the ends of thel: bal 
part of a circuit from a battery ; on the dil mic 
tri 
+ Nicholſon's Introduction to Philoſophy, p. 41 z. i 


charge, 


nined 
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charge, the water will be diſperſed in every di- 
rection, and the tube blowr to ny by the 
diſcharge: —y 
The electric fluid, like common fire, con- 
verts the water into an highly elaſtic vapour. 
Dr. Franklin, on repeating this experiment 
with ink; could not find the leaſt ſtain upon 
the white paper, on which the tube had been 
placed. Beccaria paſſed the ſhock through a 
drop of water, which was ſupported, in the 


center- of a ſolid glaſs ball, between the ends 


of two iron wires, and the ball was ſhivered in 
pieces by the exploſion. On this principle he 
contrived what he calls an electrical mortar, 
which will throw a ſmall leaden ball to the dif- 
tance of twenty feet. It is clear, from ſeveral 
of the foregoing experiments, that the electric 
fluid endeavours to explode in every direction 
the parts of the refiſting ſubſtances e 
which it paſſes. | 


EXPERIMENT cxIIII. 


Place a building, which is formed of ſeve- 
ral looſe pieces of wood, on a wet board in the 
middle of a large baſon of water, let the elec- 
tric flaſh from a battery be made to paſs over 
the board, or over the water, or over both ; 
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the water will be ftrongly agitated, and the 
building thrown down. The report is louder 
than when the exploſion paſſes only through 
the air. The electric fluid endeavours to paſy 
near the ſurface of the water where it meets 
with more refiſtance, than if it is forced to paſy 
through it. This partly ariſes from the power 
the electrie fluid has of raifing an expanſive 
vapour from the ſurface of the water, which 
drives off the refiſting air. 

A diſcharge paſſed over the ſurface of a piece 
of ice will leave on it ſmall unequal cavities, 

exhibiting the ſame appearance as if a hot chain 
had been placed on it. 

A diſcharge ſent through a green leaf tears 
the ſurface in various directions, leaving an 
image in miniature of ſome of the effects of 
lightening. A diſcharge will paſs to a certain 
diſtance over ſpirit of wine, without inflaming 
it; but, if the diſtance is increaſed, it will ſet 
it on fire. From hence it appears, that the 
facility with which the electric fire is tranſmit- 
ted over the ſurface of moiſt ſubſtances, de- 
pends on the eaſe with which they are turned 
into vapours. 

The diſcharge, in melting the particles of 
metals, drives into its paffage the conducting 
vapours which ariſe from thom ; and, in pro- 


portion 


ion 
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portion as the parts of any body are more rea · 
dily driven into vapour or duft, Are hae 
run to a greater diſtance. 
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IH a wire is ſtretched by weights, and n 


fhock is ſent through it that will render it red 


hot, it is found to be confiderably lengthened 
after the diſcharge. When the wire 1s looſe, 
it is ſaid to be ſhortened by the Ser 
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If a long e 
part of the eircult in the diſcharge of a battery. 
and a perſon's hand be immoerged in the water 
x the time of the explofion, he will feel an odd 
vibration in the water, very different from an 
electrical ſhock. The quick ftroke from the 
repercuſſion of the air and the vapour, is com-. 
municated to the hand by the water, and the 


hand receives a ſhock ſimilar to that received 


by a wy at ſea during an earthquake. 


| EXPERIMENT CXLVT. 


Tees a plain picce of metal between the 


points 
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points of the univerſal diſcharger, paſs ſevetal 


_ exploſions of a battery through the wires; and 


the diſcharges will gradually form on the 
metal different circles, beautifully tinged with 
the priſmatic colours. The circles appear 
ſooner, and are cloſer to each other, the nearer 
the point is to the ſurface of the metal. The 


number of rings, or circles, depend on the 


ſharpneſs of the point; the experiment there- 
fore ſucceeds better if.a ſharp needle is faſtened 

to one of the points of the diſcharger. 
Several very curious experiments were made 
by Dr. Watſon and others, to aſcertain the diſ- 
tance to which the electric ſhock might be 
conveyed, and the velocity with which it moves. 
In his firſt experiment, the ſhock was given 
and ſpirits fired by the electrie matter which 
had been conveyed through the river Thames, 
In the next experiment, the electric fluid was 
made to paſs through a citcuit of two miles, 
crofling the Neweriver twice, going over ſeveral 
gravel-pits, and a large field. It was afterwards 
conveyed through a circuit of four miles. It 
paſſed over theſe ſpaces inſtantaneouſly as to 
ſenſe. This ſenſible inſtantaniety in the motion 
of the electric fluid, was aſcertained by an ob- 
ſerver, who, though in the room with the 
charged phial, was, at the ſame time, in the 
| middle 


E®LECTRIOITY, 17t 


middle of a circuit of two miles, and felt him- 
ſelf ſhocked at the ſame inſtant he ſaw the phial 
diſcharged. 

Notwithſtanding this ſurprizing velocity, it 
is certain, that both fides of a charged phial 
may be touched ſo quickly, even by the beft 
conductors, that all the electric matter has not 
time to make the circuit, and the phial will 
remain but half diſcharged ; and there are ſe- 
veral inſtances where the motion appears ſlow, 
and not eafily reconcilable with this immeaſura- 
ble velocity; and it is alſo certain, that this 
fluid is reſiſted in its paſſage through, or over, 
every ſubſtance. 

The wonderful part of the foregoing experi- 
ments will vaniſh, if we admit the reaſoning of 
Mr. Volta on this ſubject; and the reader will 
find his reaſoning confiderably ſtrengthened by 
experiments xx, cxxi, CXX11 of this eſſay, 


which were originally made by Mr. Atwood; 


though it muſt be owned, theſe experiments 
ſeem to lead much further, and give an idea of 
the direction of the electric fluid in the diſ- 
charge of the Leyden phial, which differs alto- 
gether from the received theory. 
The following account is extracted from a 
very long paper of Mr. Volta, in the Journal 
de Phyſique for 1779: 
; | Let 
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Let vs ſuppoſe that u, 6, x, 1, e, J, 5, , 
4, 4, i, m, u, ©, bold hands 3 jet o graſp 
the outſide of a charged Leyden phial, and o 
touch the knob : at the inſtant o receives the 
fre difebargod from the inſule by the knob, 
wall furniſh from his natural ſtock to the om - 
fide, without waiting till the fire arrives to him 
from a, by , to m, &. in the mean while 
che dofs of 4 is compenſated from b, and þ 
3s furniſhed with freſh matter from c, and ſo 
on. It is ſtill true, that there is but one 
Kream, if we confider anly the direction of the 
fluid, which is excited ſimultaneouſly at the 
two extremities, and moves at the ſame inſtant 


of time; though, to ſpeak more accurately, 


at is not one fiream, but two united in one, 
If the extream rapidity with which the fire 
paſſes, did not prevent our perceiving the ſuc- 
ceſſive comtnotions received by the perſons who 
form the chain, we ſhould find they did not 
follow the order o, 2, m, I, but were felt 
fimultaneouſly, firſt at the two extremities o 
and a, then at s and b, m and c, &c. advan- 
cing towards the middle of the chain. Agree 
able to this, if the bottle is ſmall, the longer 
the circuit is made, thoſe who are furtheſt 
from the extremities find the ſhock weaker. 


Jo 
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To render this account more clea?, ſeparate 
the circuit, and farm on a dry floer twa rows, 
4, b, , d, — e, fy gy b, tmterrupted in the 
middle; let « graſp the bottle by the outſide, 
and à excite the diſcharge by touching the 
knob of the bottle ; now, if the electric fire was 
obliged to take the ſhorteſt courte to come tao 
the exterior and negative ſurfaee, it ought to 
deſcend to the feet of e, paſs over the boards 
to the feet of e, and then threugh him to the 
out ide, without acting on yu, g, b, which 
would be out of its eireuit. But, contrary to 
this, the fluid goes ont of the direct courſe, to 
follow that of the conducting perſons, which 
afford it a proper receptacle, and comes. to the 
outhde by another ſource, The fire which goes 
from the inftde from e to /, g, l, gives them 
2 ſenſible ſenſation in their hands and their 


heels, ſhewing itſelf by a ſpark, if che hands 


and the feet are ſeparated à little from each 
other, and finiſhes by diſſipating itſelf in the 
common reſervom. In the ſame manner a, 
who firſt gives the fire to the outſide, receives 
 ſucceffively from 4, b, a, who all draw it 
in from the floor. The ſtream therefore which 
proceeds from the knob of the bettle, paſſing 
through the conducting ſubſtance, loſes itſelf 
in the general ſource; while, from the ſame 

| | _ ſource, 
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ſource, a ſufficient quantity is taken to ſupply 
the deficiency of the exterior ſurface. 
If 7, g, b, do not form a chain, but are 
irregularly placed round e, the poſitive. part of 
the fluid may be ſeen to ſpread itſelf on differ. 
ent ſides, and divide itſelf in different branches 
to reach the floor. The fluid will in the ſame 
manner riſe from the floor to reach d, if a, , 
and c, are irregularly placed round him; fo 
that each ſurface excites its own ſtream ; one 
that enters the bottle, the other proceeding 
from it. Thus alſo, in the foregoing experi- 
ments of Dr. Watſon, where it has been ſup- 
poſed that the electric fluid has made filch 
amazing circuits through rivers, over fields, 
&c. The fluid from the infide was diſperſed 
in the river, at the inſtant that the outſide'col- 
lected, from the ſame ſource, ſopplies for its 
own deficiency, TX 
It appears alſo, from other experiments, 
that one fide of a charged electric may contain 
more of one power than is ſufficient to balance 
the contrary power on the other ſide. For, if 
| charged jar is inſulated, and the diſcharge is 
. made by a diſcharger with a glaſs handle, after 
the exploſion, the diſcharger, and both ſides of 
the jar, will poſſeſs a contrary power to that 
which obtained on the ſide of the jar, which 
was touched the laſt before the diſcharge. 
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ON THE INFLUENCE OF POINTED "CONDUCTORS 
FOR BUILDINGS, 


T' HE hehe of Ae as well as 


ſurpriſing phenomena of thunder and lightening, 
owe their origin to, and are of the ſame nature 


with it. Very little progreſs had been made in 


electricity, when the analogy between the elec- 
tric ſpark and lightening was diſcovered: but 
the ſublime idea of realizing theſe conjectures, 
and proving that the fire which flaſhes in the 
ſky, is the ſame agent which explodes and gives 


a ſhock in our experiments, was given to Dr. 
Franklin; who alſo firſt ſuggeſted the utility of 


pointed conductors of metal, to preſerye build- 

ings from the dreadful effects of lightening ; an 

idea which was received with general 3 

and approbation. Since this period, many 

klectricians have been induced to change their 

opinion relative to the utility of theſe conduc- 
tors ; 


its univerſal agency, becomes more con- 
ſpicuous, in proportion as our aequaintance 
with it increaſes. We find no ſubſtance in 
nature which is not acted on by it, either as a con- 
ductor or non- conductor; and diſcover, that the 
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tors; and among thoſe who underſtand the ſub. 
ject well, it has been diſputed, whether the pre. 
ference ſhould be given to a conductor with a 
pointed end, ar to ene which has an obtuſe 
termination, 

The experiments which have been made on 
this ſubject art very numerous; but the greater 
part appear to me very inconcquſryve, and pre. 
ſent only a very partial view of the ſubject. 
Among theſe we may reckon thoſe in which dif- 
ferent ſubſtances have been introduced, to repre- 


{ent the action of conductors on clouds; ſince the 


various ſubſtances made uſe af in theſe expert 


ments, were cobering maſſes, in vhich they differ 


eſſentially from the clouds which float in the air. 
It appears alſo, from many inſtances, that 
kghtenipg does not paſs in one undivided: tract, 
but that neighbouring bodies carry off their 
ſhare, according to thaw quantity and condutt- 
ing power. 

A pointed conductor, 10 — 
with the earth, bas not any particular power of 
attracting electricity, and acts only as any other 
conducting ſuhſtance, 5 not _ the 
Paſſage of the electric fluid. 64 

It is true, that electricity paſſes with more 
eaſe from an electrified body to a conductor 
which is pointed, than to one which is flat or 


olobular; 
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globular ; becauſe, in this caſe, the elaſticity of 
the electric fluid; and its power to break through 
the air, are weakened by the flat ſurface which 
acquires a Contrary electricity, and compenſates 
the diminiſhed intenſity more than a point can ; 
the point being eaſily rendered negative, while the 
effort of the fluid to eſcape from the electrified 
body, is greater than when it is oppoſed by a flat 
ſurface, So that it 1s not the particular proper- 
ty of a * or flat, but the different ſtate of 
the electrifled body, which cauſes it to part with 
its electricity eaſier, and from a greater diſtance, 
when a pointed conducting ſubſtance is preſented 
to it, than it does to a flat or globular conductor. 

The capacity of conductors to hold electricity, 
is in proportion to the ſurfaces which are free, 
or uninfluenced by a ſimilar atmoſphere; a cir- 
cumſtance which will, more or leſs, affect thoſe 
conductors which are applied to buildings, 
according to the ſtate of the clouds and their at- 
moſphere, the time their influence has been 
exerted, the nature of the conducting ſtrata of 
the earth, and its electric ſituation. 

Beſides, the electric powers muſt be ſepar- 
ated before any body can be electrified; and 
the point muſt be in a ſtate to give one kind of 
electricity, before it can receive the other. 

N They 


See Volta's Paper, Phil. Tran. vol. 72. 
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They cannot act beyond the electric atmoſpher 


of the body to which they are preſented, and thei 


action is differently modified by the ſtate of the air, 
Fig. 68 repreſents the gable end of a houſe 
fixed vertically on the horizontal board F G; 
a ſquare hole is made in the gable end at hi, 
into which a piece of wood is fitted; a wireis 
inſerted in the diagonal of this little piece; two 
wires are alſo fitted to the gable end; the lower 
end of one wire terminating at the upper corner 
of the ſquare hole; the top of the other wire iz 
fixed to its lower corner ; the braſs ball on the 
wire may be taken off, in order that the pointed 
end may be occaſionally expoſed to receive the 
exploſion. 
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Place a jar with its knob, in contact with the 
conductor, connect the bottom of the jar wid 
the hook H, then charge the jar, and bring tie 
ball under the conductor, and the jar will be di- 
charged by anexploſion from the conductor to the 
ball of the houſe. The wires and chain being 
all in connexion, the fire will be conveyed totit 


- outſide of the jar, without affecting the houk: 


but if the ſquare piece of wood is placed fo tha 


the wires are not connected, but the communicr 
tion 
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ther: tion cut off, the electric fluid, in paſſing to the 
ther WM outſide of the bottle, will throw out the little 
e ar, WY piece of wood to a conſiderable diſtance, by the 
oule, lateral force of the exploſion. See fig. 68. 

G Unſcrew the ball, and let the point which is 
t hi, Wi underneath, be preſented to the conductor, and 
vire is I then you will not be able to charge the jar; for 
two the ſharp point gradually draws the fire from the 
lower Wi conductor, and conveys it to the coating on the 
orner Wi outſide of the jar. 

Ire i The prime conductor 1s ſuppoſed to repreſent 
n the a thunder cloud diſcharging its contents on a 
ointed WW weather cock, or any other metal, at the tog of 
ve the Wa building. From this experiment many have 
inferred, that if there is a connection of metal 
to conduct the electric fluid down to the earth, 
the building will receive no damage; but where 
the connection is imperfect, it will ſtrike from 


one part to another, and thus endanger the whole 
building. 


EXPERIMENT CXLVIII. 


r to the 
| being Mr. Henly affixed to the top of a glaſs ſtand 
| to tht Na wire, three-eighths of an inch in diameter, ter- 


minated at one end by a ball, three-fourths of an 
inch in diameter, and at the other end by a very 
ſharp point; (ſee fig. 69.) round the middle of 
N 2 this 
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in many trials, never happened at all; the point 
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this wire hung a chain, twelve inches long 
he connected the chain with the coating of: 
charged bottle, and brought the knob of it ven 
gently towards the ball on the inſulated wire, in 
order to obſerve preciſely, at what diſtance i 
would be diſcharged upon it, which conſtantly 
happened at the diſtance of half an inch, with ; 
loud and full exploſion. Then charging the bot- 
tle, he brought it in the ſame gradual manner 
towards the point of the inſulated wire, to try 
alſo at what diſtance it would be ſtruck ; but this 


being approached in this gradual manner, always 
drew off the charge imperceptibly, leaving ſcarce 
a ſpark in the bottle. | 


EXPERIMENT - CELIT, 


The ſame gentleman connected a jar, contain- 
ing 509 ſquare inches of coated ſurface, witi 
the prime conductor; ſee fig. 68. If the ja 
was ſo charged as to raiſe the electrometer to 
609, by bringing the ball on the wire of tit 
thunder houſe, to half an inch diſtance from 
that connected with the prime conductor, tht 
jar would be diſcharged, and the piece in tht 
thunder houſe thrown out to a conſiderable di 


diſtance. Uſing a pointed wire as a conductor 
to 
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ong; co the thunder houſe, inſtead of the knob, the 
of 1 Wl charge being the ſame, the jar was diſcharged 
very Wl filently, though ſuddenly, and the piece was not 
e, n thrown out. 


ce it 

antl EXPERIMENT CL. 

1th 2 

> bot- He afterwards made a double circuit to the 


anner Wl thunder houſe ; the firſt by a knob, the ſecond 
O ty Wil by a ſharp pointed wire, at an inch and a quarter 
t this WW diftance from each other, but exactly the ſame 
point height. The charge being the ſame, the knob 
ways was firſt brought under the prime conductor, 
which was half an inch above it, and followed 
by the point at an inch and a quarter diſtance, 
yet no exploſion fell upon the ball, as the point 
drew off the charge ſilently, and the piece in the 
thunder houſe remained unmoved. 


ntain- 


„ with EXPERIMENT CLI, 

he ju 

ter to He inſulated a large jar, and connected, by 
of the chains, with the external coating, on one fide, a 


> from 
Ir, the 
in the 
le di- 
ductor 


It] 


knob, on the other a ſharp pointed wire, both 
being inſulated, and ſtanding five inches from 
each other, (ſee fig. 70,) and placed an inſulated 
copper ball, eight inches in diameter, ſo as to 
ſtand exactly at half an inch diſtance both from 
N 3 the 
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the knob and the point; the jar was them charg. 
ed, and the diſcharge made by the diſcharging 
tod on the copper ball, from whence it leaped 
to the knob A, which was three quarters of x 
inch in diameter, the jar was diſcharged by: 
loud and full exploſion, and the chain was ver 
luminous, 


EXPERIMEN T CLI. 


Mr. Henly ſuſpended by a ſilk ſtring, from 
one end of a wooden bar, which turned freely in 
a horizontal direction upon the point of a needle, 
a large bullocks bladder, gilded with leaf copper; 
the bladder was balanced by a weight at the 
other end of the arm; (ſee fig. 71 ;) he gave a 
ſtrong ſpark from the knob of a charged phil 
to the bladder; he then preſented towards it: 
braſs ball, two inches in diameter, and obſerved 
that the bladder would come towards it at the di- 
tance of three inches ; and when it got within an 
inch, would throw off its electricity in a ful 
ſpark. He then gave it- another ſpark, and 
preſented a pointed wire towards the bladder, 
which never approached to the point, nor eve 


gave any ſpar k, the electricity being carried off, 


E a 


harg. 
rging 
eaped 
of an 
by z 
very 


from 
ely in 
edle, 
Per; 
at the 
rave 4 
phil 
Is it 2 
ſerved 
he dil. 
hin an 
a ful 
d, and 
adder, 
Ir ever 


ed of, 


E 3 


LLC RECITE, 183 


EXPERIMENT CLIII. 


Take two or three fine locks of cotton, faſten 
one of them to the conductor by a fine thread, 
another lock to that, and a third to the ſecond, 


put the machine in action, and the locks of cot- 


ton will expand their filaments, and will extend 
themſelves towards the table. Preſent a ſharp 
point under the loweſt, and it will ſhrink up to- 
wards the ſecond, and this towards the firſt, and 
altogether towards the prime conductor, where 
they will continue as long as the point remains 
under them, 


EXPERIMENT CLIV. 


Faſten a number of fine threads or hair, to the 
end of the prime conductor; when the cylinder 
is turned, theſe will diverge like rays proceeding 
from a center: continue turning the cylinder, 
and preſent a point towards one ſide of the con- 


ductor, and the threads on one ſide will hang 
down, and loſe their divergence, but thoſe on 
the other ſide will ſtill continue to diverge; 


which ſhews, that the power of points to draw 


off electricity, does not extend round the electri- 
hed body, when means are uſed to keep up the 


ſupply of ælectricity. 
N 4 Fig. 
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Fig. 72 repreſents an oval board, three fee; 
long and two feet broad, coated on both fide; 
with tin-foil, and ſuſpended by ſilk lines from 
a double hook; this turns on an axis, which iz 
faſtened to one arm of a nice balance, and 
counter-poiſed at the other arm by a weight; 
part of the table underneath the board, is to be 
covered with tin-foil, and communicate to the 
floor by a chain. 


EXPERT MENT eis. 


Connect the pendulous board with the prime 
conductor by a ſmall wire, a few turns of the 
machine will electrify the apparatus. When this 
experiment was made, the board was attracted 


by the table at fifteen inches diſtance, and diſ. 


charged itſelf with a ſtrong ſpark. The ſame 
happened to a metal ball which was placed on the 
table, the board approaching till it was about one 
inch from the ball, and then diſcharging itſelf 
by a ſpark. If a point is fixed on the board in- 
ſtead of a knob, the pendulous board, though it 
begins to approach, ſtops at about four or five 
inches from the table, and it will not approach 
nearer, or give a ſpark : a ſmall light is ſeen 
upon the point in the dark. A Leyden phial 
was then connected with the prime conductor; 

it 


tC HRETATELIPYy, 185 


feet it now required more turns of the machine to 
ſides charge the apparatus; the effect was the ſame as 
from before. The counterpoiſe was now held, that 
Ch iz the board might not deſcend till it had received a 

and full charge: when ſet at liberty, it was not only 
ght; attracted by, but alſo gave a loud exploſion on 
o be the point, inſomuch, that the tin- foil round it 
) the was ſtained by the overflowing of the fire. 


The following experiment is extracted from 
« An Account of Experiments made at the 
Pantheon, on the Nature and Uſe of Con- 
ductors, by Mr. Wilſon. It was made in order 
to point out what he deemed erroneous in an ex- 


rime 


f the 


| this periment of Mr. Henly, which is the 1 51 of 
acted this Eſſay. 

| dif- | 

ſame The circuit of communication was divided in- 
n the to two parts: 

t one A bent rod of braſs, with a ball of the ſame 
itſelf metal, three quarters of an inch in diameter, 
d in- ſcrewed on to the upper extremity of it, and a 
gh it copper ball, five inches in diameter, ſcrewed on 
r five to the lower end, forms one of the parts. This 
-oach part was ſupported by a ſtand of wood that had a 
ſeen cap of braſs at the top, into which the braſs rod 


was occaſionally ſcrewed. 


The 
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The other part of the circuit conſiſted of , 
braſs rod alſo ; one end of which branched out 
in the form of a fork, with two prongs that 
pointed towards the center of the copper ball; 
and thoſe prongs were ſo conſtructed, that either 
of them could be made longer or ſhorter, juſt a; 
the experiment required. On the end of one of 
the prongs was fixed a ball of braſs, three 
quarters of an inch in diameter, and on the 
other a ſharp ſteel point or needle. The ſhoul. 
der of this fork ſcrewed into a ſmall plate of iron, 
that was fixed on the inſide of a wooden veſſe|, 
which contained the greateſt part of a cylindrical 
glaſs jar, twelve inches three quarters high, and 
about four inches in diameter. This glaſs was 
rather thick than otherwiſe, and the coating of 
it (which was tin-foil) meaſured nearly 144 
ſquare inches on each ſurface, Beſides this 
coating, part of the inſide of the wooden veſſel 
was coated alſo with tin-foil, for the purpoſe of 
making a ſecure communication between the 
iron plate and the outward coating of the jar. 
Within the jar itſelf, was fitted a cylinder of 
wood, that was covered with tin-foil alſo, to 
make a communication between the inſide coat- 
ing of the glaſs and a braſs rod, that was fixed 


upright in the center of the wooden cylinder. 


This upright rod having a ball of braſs at the 


end, 
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end, three quarters of an inch in diameter, 
was bent towards the firſt part of the circuit; 
ſo that the two balls A and B, in fig. 73, being 
upon a level, looked towards each other, but 
were placed from time to time at different 
diftances, as occaſion required; and thus an- 
ſwered the purpoſe of an electrometer. 

Mr. Wilſon began the experiments where 
the electrometer was ſtruck at the greateſt 
diſtance, and then adjuſted the diſtances of the 
ball accordingly; ſo that if the point was 
ſtruck when they were adjuſted, the moving of 
the ball the thirty-ſecond part of an inch would 
occaſion the ball to be ſtruck in preference to 
the point, and vice verſa. Afterwards he leſſened 
the ſtriking diſtance of the electrometer, in 
every experiment, till he attained the leaſt 
diſtance. 

Upon reverſing part of the apparatus, and 
fixing the ball to the bottle, and the fork to 
the ſtand, all thoſe experiments were repeated 
again ; the copper ball being put neareſt to the 
glaſs, in the place of the forked part, and the 
forked part in the place of the copper ball. 
This ſet of experiments being compleated, he 
made others, where the ball only was oppoſed ; 
and after them, where the point only was op- 
poſed to the copper ball, 

Having 
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Having gone through all theſe experiments, 
as they are ſet down in the firſt table, he then 


repeated the experiment with the chain, after " 
Mr. Henly's manner. The reſult of which, : 
and with the apparatus reverſed, will appear i 
in the ſecond table. * 


TABLE 
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IXpERIMENTS MADE AT DR. HIGGINS'S, JUNE 19, 
1778, WITH THE LEYDEN PHIAL AND FORKED 


APPARATUS, 


N. B. The meaſures expreſſed in the following tables were 


taken from a ſcale containing 32 parts in one inch, 


The number oppoſite the word electrometer, denotes the 
diſtance between the balls which conſtitute the electro- 
meter ; and the numbers oppoſite to the words ball and 
point, ſhew the greateſt diſtance at which they were re- 


ſpectively ſtruck, 


Ball and Point oppoſite 
the Leyden Phial. 


| Electrometer 
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reverſed, only, only. 


32 32 32 
34 361 — 
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28 28 28 
36 11 — 
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EXPERIMENTS WITH THE CHAIN, AFTER MR, 
HENLY'S MANNER: 


Point and Ball oppoſite 
the Leyden Phial. 


ad 


Eleqrometer — 21 — 
Ball — 
— 24 — 


Poiht — 


Apparatus reverſed, 


— 1a repeated E 
— 3 28 Pat differ- J 20 
— 26 | Ent times, 30 


323 3 i060 
THE EXPERIMENTS OF THE 2d AND 3d TABLF, 
REPEATED AT MR. PARTINGTON'sS, JUNE 27, 
1778, A BRASS CHAIN BEING MADE USE or 
' INSTEAD OF THE FORKED APPARATUS. 


Ball and Point oppoſite B. P. 
the Leyden Phial, only, only. 
Bae 1 J 32 
I. 4 Ball — — 40; 394 — 
Point — 764 — 177 
E. — — 282828 
II. . — — 33 5 
P. — — 72 66 
E. — — 26 26 
11 0 f. — — 32 33 
EE | 64 
| [E. — — TE 20 | 20 
IV.] B. — — 23 
P. — — 50 bo 
E. — — = 16 16 
V. 05 — — Ge 
555 55 53 
E. — — 1 
VI. B. — — I 
[3 _ 2012 42 
£5 — — wy 2 — 
VII; B. — — 115 94 — 
[P. —— 38 37 | 
Eleqrometer — 21 
{ Ball — — 24 appar reverſed. 
Point — — 64 


Apparatus 3 
rem Lak only, only, 


32 


[ 


99 88 Ek 
28 — 28 f28 
SQ — 28 — 
. 
25 3 25 [26 f 26 
2 24 284 275 — 
35) £03703 
20 — 20 | 20 
26 — —} 27 
gr alter- 4 1 
* nately 4. ” 
13 5 
1341 
ws 
7 alter- ZE | 
19 nately f 19 


ww Þ tt 
O wr wa 


2$L2CTRKIONTY, 191 


EXPERIMENT CLVI. 


If an interruption is made in each of two 
ſimilar circuits, which form communications 
between the charged ſurfaces of an electrie 
plate, and if the ſpace of air in one of the in- 
terruptions is terminated by points, and in the 


other by balls, the diſcharge will be made 


through the circuit of which the points make 
a part, although the length of the interrupted 
ſpace of air is conſiderably greater than that in 
the other circuit. 


Before any diſcharge takes place, the two 


powers are ſuſpended on the oppoſite ſurfaces 
of the charged electric. 

An electric plate may be diſcharged two 
ways, either filently in ſome ſenſible portion 
of time, or by explofion in an inſtant: in 
either caſe experiments abundantly ſhew that 
ceteris paribus, the diſcharge will be made 
through a pointed body in pts to 4 
round termination. 

When a pointed body is prefented to any 
charged ſurface, a cylindrical plate of air, of 
evaneſcent diameter, is charged with the con- 
trary electricities ſtrongly attracting each other 


through it; and the quantity of air being ſo 


ſmall, 
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ſmall, there will be little reſiſtance to their 
union; the diſcharge will be made by exply. 
fion in preference to the gradual diſcharge, 
according as the oppoſite ſurfaces (the pointed 
body and the ſurface oppoſed to it) are larger, 
as they are nearer each other, and as the charge 
is greater; for it will be obſerved that a point, 
or very ſmall ſpherical termination, which iz 
in a phyſical ſenſe a point, will diſcharge any 
quantity of electricity filently and gradually 
without exploſion, while it is at a ſufficient 
diſtance from the oppoſite charged ſurface: 
by bringing it nearer, the method of diſcharge 
will be altered; which will now be a ſucceſſion 
of ſmall exploſions very quickly following 
each other. The reaſon of this ſeems to be, 
that when the charged ſurfaces are very near, 
there is not ſufficient time for the contrary 
powers to unite gradually, nor ſufficient room 
in which they may be diffuſed among the ſur- 
rounding air. 

This is confirmed by again removing the 
two oppoſed ſurfaces to ſuch a diſtance that the 
diſcharge may be made gradually; in this caſe 
if the parts of the apparatus are ſo diſpoſed by 
any kind of contrivance, that the diſcharge 
muſt neceſſarily be made ſuddenly, the method 
of diſcharge will be again altered, becoming 

now 
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now a ſucceſſion of exploſions inſtead of a 
gradual current between the oppoſed ſurfaces : 
this ſuddenneſs of the diſcharge may be ef- 
fected by a proper uſe of interruptions in the 
circuit ; it may alſo be cauſed by motion; if 
either ſurface be moved briſkly toward the 
other, the exploſion of the charge will be 
promoted, 

Elevated conduQtors applied to buildings as 
a ſecurity from the effects of lightning, will 
contribute to diſcharge the electricity from a 
cloud that paſſes over them : and a greater 
quantity of the diſcharge will paſs through a 
pointed conductor, than through one which is 
terminated by a ball; but whether the diſ- 
charge will be made by a gradual current, or 
by exploſion, will depend on the ſuddenneſs 


cloud, its motion, and the quantity of the 
electricity contained in it, If a ſmall cloud 
hangs ſuſpended under a large cloud loaded 
with electric matter, pointed conductors on a 
building underneath will receive the diſcharge 
by explofion in preference to thoſe terminated 
by balls, the ſmall cloud forming an inter- 
ruption which allows only an inſtant of time 
for the diſcharge. If a ſingle electric cloud is 
aiven with conſiderable velocity near to a 

O pointed 


of the diſcharge, on the proximity of the 
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pointed conductor, the charge may be canſed 
to explode upon it by the motion of the 
charged body. In other caſes, pointed con- 
ductors contribute to diſcharge a thunder 
cloud gradually without exploſion. 

Mr. Wilſon's experiments, publiſhed in the 
Philoſophical Tranſactions 1778, have contri- 
buted greatly to explain the effects of points 
in diſcharging the electric matter. 

If a conical pointed body were inſerted into 
a ſimilar hollow cone, formed into an electr. 
fied ſolid, the ſurfaces of the two cones being 
equi-diſtant, no greater diſcharge of the elec- 
trics would follow, than if the two conical 


furfaces had been plain, and oppoſed to each 


other at the ſame diſtance. 


EXPERIMENT CLVII. 


If two electric plates be charged, ande 
communication formed between the poſitive 
fide of one, and the negative fide of the other, 
no diſcharge will follow; unleſs a communi 
cation be formed between the other two fur- 
faces at the ſame time. 

The natural electricity in the atmoſphere i 
frequently diſcharged in this manner: Tuo 
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aſed clouds being electrified with oppofite powers, 


the the ſurfaces of the earth immediately under 
con- them are likewiſe electrified with powers con- 
nder trary to thoſe in the clouds above them; and 


the moiſture of earth forming a communica- 


| the cation between the two contiguous charged 
Ntri- ſurfaces, whenever the two clouds meet, there 
Jints will follow a difcharge, both of the clouds 
and ſurfaces on the earth oppoſed to them. If 
into the earth ſhould be dry, and conſequently 
cri afford a refiſtance to the union of the two 
eing electricities accumulated on or under its ſur- 
elec- face, there will follow an explofion in the 
nical earth as well as in the atmoſphere, which will 
each produce coneuffions and other phœnomèna 
b bich have frequently been obſerved to happen 
in dry feafons, particularly in thoſe climates 
which are the moſt liable to ftorms of thunder 
and lightening. | Wes 
— 2 OBSERVATIONS ON THE ACTION OF CONDUCTORS. 
nee | | 
ther, * Ever fince the diſcovery of the identity of 
nuni- electricity and lightening, it has been allowed 
ſur- by all parties, that conductors of ſome kind are 
in a manner neceſſary for the ſafety of build- 
web ings in thoſe countries where thunder ftorms 
Two ae very frequent. The principle on which 


louds O 2 they 
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| | they act is this: that the electric fluid, whey 
impelled by any power, always goes to that 
place where it meets with the leaſt refiſtance, 
2 Now, as metals are found to give the leaſt re. 
ſiſtance to its paſſage, it will always chooſe to 
run along a metalline rod, in preference to x 
paſſage of any other kind. But it is neceſſary 
| to obſerve here, that electricity never ſtrikes 
1 a body merely for the ſake of the body 
1 itſelf, but as by means of that body it can 
N 3 arrive at the place of its deſtination. When 
4 a quantity of eleCtricity 1s colle&ed from 
94 the earth, by means of an electric machine, : 
4 body communicating with the earth will receive 
1 a ſtrong ſpark from the prime conductor; it 
| receives this ſpark not becauſe it is capable of 
containing all the electricity of the cylinder 
. and conductor, but becauſe the natural ſituation 
#0 of the fluid being diſturbed by the motion of 
1 the machine, a ſtream of it is ſent off from the 
4 earth. The natural powers, therefore, make 
F an effort to ſupply what is thus drained off from 
p the earth; and, as the individual quantity 
$h | which comes out is moſt proper for ſupplying 
the deficiency, as not being employed for any 
4 | natural purpoſe, there is always an effort made 
for returning it to the earth. No ſooner, then, 
is a conducting body, ,, with the 
earth, 
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hen earth, preſented to the prime conductor, than 
that the whole effort of the electricity is directed 
nce, againſt that body ; not merely becauſe it is a 
t re. conductor, but becauſe it leads to the place 
ſe to where the fluid is directed by the natural pow- 
to a ers by which it is governed, and at which it 
(ſary would find other means to arrive, though that 
1kes body were not to be preſented, That this is 


ody the caſe we may eaſily ſee, by preſenting the 


can ſame conducting ſubſtance in an inſulated ſtate 
Then to the prime conductor of the machine, when 
from we ſhall find only a ſmall ſpark will be pro— 
le, 2 duced. In like manner, when lightning ſtrikes 
deive a tree, a houſe, or a thunder- rod, it is not be- 
r; it cauſe theſe objects are high, or in the neigh- 
le of bourhood of the cloud, but becauſe they com- 
inder municate with ſome place below the ſurface of 
ation the ground, againſt which the impetus of the 
on of lightening is directed, and at that place the 
n the lightning would certainly arrive, though none 
make of the above-mentioned objects had been inter- 
from poſed. 
ntity When the atmoſphere begins to be electri- 
lying hed, either negatively or poſitively, the earth, 
r an by means of the inequality and moiſture of its 
made BY ſurface, but eſpecially by the vegetables which 
then, grow upon it, abſorbs that electricity, and 
h - quickly becomes electrified in the fame man- 
caſt 
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ner with the atmoſphere; this abſorption, hoy. 
ever, ceaſes in a very ſhort time, becauſe it 
cannot be continued without ſetting in motion 
the whole of the electric matter contained in 
the earth itſelf. Alternate zones of poſitive 
and negative electricity will then begin to take 
place below the ſurface of the earth, for res. 
ſons given in the courſe of this eſſay. Be. 
tween the atmoſphere and one of theſe zone; 


the ſtroke of lightening will always be. Thus, 


ſuppoſing the atmoſphere is poſitively electii. 
fied, the ſurtace of the earth will, by means 
of trees, &c. quickly become poſitively eleftri. 
fied alſo, we will ſuppole to the depth of ten 
feet: the electricity cannot penetrate further, 
on account of the reſiſtance of the electric mat- 
ter in the bowels of the earth. Art the depth 
of ten feet from the ſurface, a zone of negative. 
ly electrified earth begins, and to this zone the 
electricity of the atmoſphere is attracted ; but 
to this it cannot get, without breaking through 
the poſitively electrified zone, which lies up- 
permoſt, and ſhattering to pieces every bad 
conductor which lies in its way. We are there. 
fore ſure, that in whatever place the outer zone 
of poſitively electrified earth is thinneſt, there 
the lightening will ſtrike, whether a conducdot 


happens to be preſent or not. If there 151 
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conductor, either with a knob or ſharp pointed, 
the lightening will infallibly ſtrike it: but it 
would alſo have ſtruck a houſe ſituated on 
that ſpot without any conductor ; and if the 
houſe had not been there, it would have ftruck 
the ſurface of the ground itſelf. Again, if we 
ſuppoſe the houſe with its conductor to ſtand 
on a part of the earth where the poſitively 
electriſied zone is very thick, the conductor 
will neither ſilently draw off the electricity, 
nor will the lightening ſtrike it; though, per- 
haps, it may ſtrike a much lower object, or 
even the ſurface of the ground itſelf at no great 
diſtance; the reaſon for which undoubtedly is, 
that there the poſitive electrified zone is thin- 


ner than where the conductor was. 


To ſuppoſe that a pointed conductor will 
exhauſt a thunder cloud of its electricity, muſt 
at firſt ſight appear trifling, to inſiſt on it, ridi- 
culous. Innumerable objects are all conſpiring 
to draw off the electricity as well as the con- 
ductor, if it could be drawn off; but of effect- 
ing this, there is an impoſſibility, becauſe they 
have the ſame kind of electricity with the clouds 
themſelves. 

* Beſides, Beccaria has obſerved, that during 
the progreſs and increaſe of the ſtorm, though 
the lightening frequently ſtruck to the earth, 

O 4 yet 
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yet the ſame cloud was the next moment ready 
to make a greater diſcharge, and his apparatus 
continued to be as much affected as ever. 

* The conductor has not even the power of 
attracting the lightening a few feet out of the 
direction it would chooſe itſelf : of this we have 
a moſt deciſive inſtance in what happened to 
the magazine at Purfleet, in Eſſex. That 
houſe was furniſhed with a conductor, raiſed 
above the higheſt part of the building ; never- 
theleſs, a flaſh of lightening ſtruck an iron 
cramp in the corner of the wall of the building, 
conſiderably lower than the top of the conduct- 
or, and only forty-ſix feet in a ſloping line diſ- 
tant from the point. 

«© The conductor, with all its power of 
drawing off the electric matter, was neither able 
to prevent the flaſh, nor to turn it forty-ſix feet 
out of its way. The matter of fact is, the 
lightening was determined to enter the earth 
at the place where the Board-houſe ſtands, or 
near it; the conductor, fixed on the houſe, 
offered the eaſieſt communication, but forty-ſix 
feet of air intervening between the point of the 
conductor and the place of the exploſion, the 
reſiſtance was leſs through the blunt cramp of 
iron, and a few bricks moiſtened with the rain 
to the ſide of the metalline conductor, than 
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through the forty-ſix feet of air to its point, 
for the former was the way in which the light- 
ening actually paſſed. 5 

« The zig-zag kind of lightening is the moſt 
dangerous, becauſe it muſt overcome a. very 
violent reſiſtance of the atmoſphere, and where- 
ever that reſiſtance 1s in the ſmalleſt degree 
leſſened, there it will undoubtedly ſtrike, and 
even at a conſiderable diſtance. It is otherwiſe 
with that kind which appears in flaſhes of no 
determinate form: the electric matter of which 
is evidently diſſipated in the air by ſome con- 
ducting ſubſtances which are preſent there, and 
they are therefore rendered leſs powerful. 

* The moſt deſtructive kind of Iightening 
is that which aſſumes the form of balls. Theſe 
are produced by an exceeding great power of 
electricity, gradually accumulated till the re 
ſiſtance of the atmoſphere is no longer able to 
confine it. In general, the lightening breaks 
out from the electrified cloud by means of the 
approach of fome conducting ſubſtance ; but 
the fire-balls ſeem to be formed not becauſe 
there is any ſubſtance at hand to attract the 
electric matter from the cloud, but becauſe the 
electricity is accumulated in ſuch a quantity 
that the cloud can no longer contain it. Hence, 
ſuch balls fly off lowly, and have no particular 
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deſtination ; their appearance indicates a pro. 
digious commotion and accumulation of elec. 
tricity in the atmoſphere, without a proportion. 
able diſpoſition in the earth to receive it.. This 
diſpoſition is however altered by a thouſand 
circumſtances, and the place which firſt become; 
moſt capable of admitting electricity will firſt 
receive a fire-ball. Hence this kind of light- 
ening has been known to move ſlowly back. 
wards and forwards in the air for a conſiderable 
time, and then ſuddenly fall in one or more 
houſes, according to their being more or leſs 
affected with an electricity oppoſite to that of 
the ball at the time. It will alſo run along the 
ground, break into ſeveral parts, and produce 

ſeveral exploſions at the ſame time. 
<« It is very difficult to imitate this kind of 
lightening in our electrical experiments. The 
only cales in which it hath been done in any 
degree are thoſe in which Dr. Prieſtley made 
the exploſion of a battery paſs for a conſider- 
able way over the ſurface of raw fleſh, water, 
&c. In theſe caſes, if, while the electric flaſh 
pailed over the ſurfaces of the fleſh, it had 
been poſſible to interrupt the metallic circuit by 
taking away the chain, the electric matter diſ- 
charged would have been preciſely in the ſitua- 
tion of one of the above-mentioned fire-balls; 
i. © it 
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i. e. it would have been at a loſs for a conductor. 
The negative ſide of the battery was the place 
of its deſtination, but to that it could not eaſily 
have got, becauſe of the great quantity of 
atmoſphere which lay in its way, and the in- 
capacity of the neighbouring bodies to receive 
it. But, while the electric matter was thus 
ſtationary for want of a conductor, if any one 
ſtanding near, or touching the negative ſide of 
the battery, preſented a finger to this ſeemingly 
inoffenſive luminous body, he would be inſtantly 
ſtruck very violently, becauſe a free commu- 
nication being now made by means of his body, 
the powers by which the electric fluid is im- 
pelled from one place to another would urge 
it upon him. But if we ſuppoſe a perſon, who 
has no communication with the battery, to 
preſent his finger to the ſame body, he may 
perhaps receive a ſlight ſpark from it, but not 
a ſhock of any conſequence. 

We may now account for the ſeemingly 
capricious nature of all kinds of hghtening, 
but eſpecially of that kind which appears in 
the form of balls. Sometimes it will ſtrike 
trees, high houſes, &c. without touching cot- 
tages, men, or other animals, who are in the 
neighbourhood ; in other inſtances, low houſes 
and cattle have been ſtruck, while high trees 
and 
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and ſteeples in the neighbourhood have eſcap. 
ed * The reaſon of this is, that in thunder. 
ſtorms there is a zone of earth conſiderably un. 
der the ſurface, which the lightening defires to 
ſtrike, (if we may uſe the expreſſion) becauſe it 
has an electricity oppoſite to the lightening it. 
ſelf. Thoſe objects, therefore, which form the 
moſt perfect conductors between the elefrified 
clouds and that zone of earth will be ſtruck by 
lightening, whether they are high or low. Let 
us ſuppoſe a poſitively electrified cloud is form- 
ed over a certain part of the earth's ſurface; 
the electric matter flows out from it firſt into 
the atmoſphere all round, and while it 1s doing 
ſo, the atmoſphere is electrified negatively. In 
proportion, however, as the current pervades 
greater and greater portions of the atmoſphe- 
rical ſpace, the reſiſtance to its motion increaſes, 
till at laſt, the air becomes poſitively electri- 
-fied as well as the cloud, and they both act as 
one body. The ſurface of the earth then be- 
gins to be electrified, and it filently receives 
the electric matter by means of the trees, grals, 


* Of this two remarkable inſtances have been adduced, 
in a paper read by Mr. Achard at the Berlin Academy of 
Sciences. And Beccana cautions perſons from depending 
on a higher, or, in all cafes, a better conductor than their 


own body. 
& Co 
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&c. which grow upon its ſurface, till at laſt, 
it becomes alſo poſitively electrified, and be- 
gins to ſend off a current of electricity from 
the ſurface downwards. 

« The cauſes which firſt produced the elec- 
tricity {till continuing to act, the power of the 
electric current becomes inconceivably great. 
The danger of the thunder- ſtorm now begins; 
for, as the force of the lightening is directed 
to ſome place below the ſurface of the earth, it 
will certainly dart towards that place, and ſhat- 
ter every thing to pieces which reſiſts its 
paſſage. 

« The benefit of conducting rods will now 
alſo be evident. For we are ſure, the electric 
matter will, in all caſes, prefer that way. where 
it meets with the leaſt reſiſtance, and this is 
over the ſurface of metals. In ſuch a caſe, there- 
fore, if there happen to be a houſe furniſhed 
with a conductor directly below the cloud, and 
at the ſame time a zone of negatively electrified 
earth not very far below the foundation of the 
houſe, the conductor will almoſt certainly be 
ſtruck, but the building will be ſafe. If the 
houſe wants a conductor, the lightening will 
nevertheleſs ſtrike in the ſame place, in order 
to get at the electrified zone above-mentioned ; 
but the building will be now damaged, becauſe 
the 
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the materials of it cannot readily conduct the 
ele&ric fluid *.“ | | 


* Sce Encyclopzdia Britanniea, Art. Lightening, 
Vol. VI. p. 4224. 


That the electric matter, which forms and animates the 
thunder-clouds, iffues from places far below the ſurface of 
the earth, and buries itfelf there, is probable, from the 
deep holes that have been made in many places by lighten- 
ing, by the violent inundations that have accompanied 
thunder-ſtorms, not occaſioned by rain, but by water burſt- 
ing from the bowels of the earth, from which it muſt have 
been diſlodged by ſome internal concuſſion, &c. See 
Dr. Prieſtley's Hiſtory of Electricity, p. 328. 
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CHAT. X. 


TO CHARGE A PLATE OF AIR. 


S air is an electric, it will receive a charge 
1 like all other electric ſubſtances. To this 
property may be aſcribed many of the phœno- 
mena which are obſerved in the courſe of the 
common electrical experiments; for the air 
which ſurrounds an electrified non-electric is 
always in ſome degree charged with the fluid, 
and thus acts upon the atmoſphere of the elec- 
trified conductor, not only by its preſture, but 
alſo by its acquired electric powers ; and that 
it pervades the air to a confiderable diſtance 1s 
evident, from the different methods by which 
the air of a room may be electrified. 

Cover two large boards with tin-toil; ſuſpend 
one by filk firings from the cieling, and then 
connect it with the conductor; place the other 
board parallel to the former, on an inſulating 
ſtand that may be eaſily raiſed or lowered, to 
regulate the diſtance of the plates from each 
other. Or place, the boards in a vertical fitu- 
ation, on inſulating ſtands of the ſame height. 
In moſt caſes this form will be found the moſt 
convenient. Theſe boards may be conſidered 


28 
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as the coatings to the plate of air which is be. 
tween them. | 
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Connect the upper board with the poſitive 
eonductor, and the other with the ground; 
turn the cylinder, and the upper one will be 
electrified poſitively, and the under one nega- 
tively ; the ſpace of air between the two plates 
acts as a plate of glaſs, it ſeparates and keeps 
aſunder the two electric powers. Touch the 
negative plate with one hand, and the upper 
one with the other, and a ſhock will be received 
ſimilar to that from the Leyden phaal. 

The electric ſhock will always be felt when- 
ever a quantity of the fluid paſſes through any 
body in an inſtantaneous manner, and the force 
of the ſhock will be proportional to the quantity 
of electricity accumulated, and the eaſe with 
which it can eſcape; for the whole energy of 
the electricity depends on its tenſion, or the 
force with which it endeavours to fly off from 
the electrified body. 

The two plates, when in contrary ſtates, 
ſtrongly attract each other, and will come to- 
gether, if they are not kept aſunder by force. 
A ſpark will ſometimes paſs between the plates, 
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and deſtroy the electricity of each. If an emi- 
nence is placed on the under plate, the ſpark, 
in the ſpontaneous diſcharge, will ſtrike it. 
The experiments with theſe boards will be 
more pleaſing, if one ſurface of the upper board 
is covered with gilt leather. The two plates, 
when charged, are ſuppoſed to repreſent the 
ſtate of the earth and the clouds in a thunder- 
ſtorm. The clouds being in one ſtate, and 
the earth in an oppoſite one, while the plate of 
air acts as the electric, and the ſpontaneous 
diſcharges exhibit the phenomena of light- 
ening. | 

An obſervation has been made on this expe- 
riment, which ſeems to affect one of the prin- 
cipal ſupports of the received theory. I have 
ſubjoined it, in order to invite thoſe who are 
converſant with electricity to a cloſer inveſti- 
gation of the ſubject. 

In this experiment it ſeems impoſſible to de- 
ny, that the air is penetrated by the electric 
fluid, The diſtance between the plates is ſo 
imall, that it muſt appear abſurd to ſay that 
this ſpace is penetrated only by a repulſive 
power, when in other caſes we ſee the fluid 
pervading much greater ſpaces of air. But if 
one electric ſubſtance is penetrable by the elec- 
tric fluid, we muſt be led ſtrongly to ſuſpect 
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at leaſt that all the reſt are ſo too. If glaſs wa 
altogether impenetrable to the fluid, it is na- 
tural to think that it would run over its fur- 
face very eaſily. But inſtead of this, fo great 
is its propenſity to enter, that a ſhock ſent 
through between two glaſs plates, if they are 
preſſed pretty cloſe together, always breaks 
them to pieces, and eyen reduces part of them 
to a powder like ſand. This laſt effect cannot 
be attributed to any other than the electric 
fluid entering the pores of the glaſs, and meet. 
ing with refiſtance, the impetus of its pro- 
greſſive motion violently forces the vitreous 
particles aſunder in all directions. 


e 


Turn that ſide of the upper board on which 
the gilt leather is paſted towards the lower one; 
place one or two ſmall metal hemiſpheres on 
the lower board; connect the upper board 
with the poſitive conductor, and the lone 
one with that which is negative, put the ma- 
chine in action, and the upper board will dil 
charge the whole of its contents on one of the 
hemiſpheres in a ſtrong flaſh, attended with: 
ſmart exploſion ; vivid coruſcations of electti 


light will be ſeen darting in various direction 
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on the ſurface of the gilt leather. This experi- 
ment, ſays Mr. Becket, is more than a reſem- 
blance of lightening, it is Nature inveſted 
with her own attire. 

Conne a coated phial with the poſitive con- 
ductor, ſo that it may be diſcharged with the 
boards, and the flaſhes of light will extend 
further, and the exploſion will be louder. 


EXPERIMENT CLX. 


Place the wire, fig. 10, with the feathers 
tied to it in the middle of one of theſe large 
boards, their divergence will not be near ſo 
much in this ſituation as when they are at the 
edge of the board. If a piece of down or a 
feather 1s placed near the edge of the board, it 
will fly off to the neareſt non-eleQrified body; 
but, if it is placed in the middle, it will be a 
confiderable time before it will move, and it 
will ſcarcely ſhow any ſigns of attraction. 


EXPERIMENT CLXI, 


* 


Place bran, or ſmall pieces of paper, near 
the center of the lower board; when the ma- 
chine is put in action theſe will be alternately 
attracted and repelled with great rapidity, and 
agitated in an amazing manner. A pleaſing 
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variation is made in this experiment by taking 
off the chain from the lower board, and now 
and then touching it with the hand; touch 
both boards at the ſame time and the motion 
ceaſes. But the moſt ſurprizing appearance in 
this experiment is, that ſometimes, when the 
electricity is ſtrong, a quantity of paper or bran 
will accumulate in one place, and form a kind 
of column between the boards, it will ſuddenly 
acquire a ſwift horizontal motion, moving like 
a whirling pillar to the edge of the boards, 
and from thence fly off, and be ſcattered about 
the room to a conſiderable diſtance. 


EXPERIMENT ELIT. 


Take two phials, the one charged, poſitively, 
the other negatively, place them on the inſu- 
lated board, but as far from each other as the 
board will permit; inſert a range of candles 


in a piece of wood, about two inches diſtance 


from each other, ſo that the flame of each may 
be exactly parallel; when theſe candles are 
quickly introduced between the knobs of the 
phials, the ſpark will be ſeen to dart through 
all of them, and will have the appcarance of a 
line of fire, variegated in a thouſand different 
Curves. Ee 
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C H A P. XL 
OF THE ELECTROPHORUS 


IG. 73 repreſents an electrophorus. This 
inſtrument was invented by Mr. Volta, 
of Coma in Italy.“ It conſiſts of two plates 
of a circular form, the under plate is of braſs 
covered over with a ſtratum of an electrical 
ſubſtance, generally of ſome negative electric, 


as wax, ſulphur, &c. the upper plate is of 


braſs, with a glaſs handle ſcrewed on the center 
of its upper ſurface. 

Reſinous electrics generally ſucceed better 
for an electrophorus than thoſe made only of 
glaſs, not only as they are leſs affected by the 
humidity of the air, but as they ſeem to have 
the power of retaining longer the electricity 
which is communicated to them. 

To uſe this apparatus, firſt excite the under 
plate c, by rubbing its coated fide with a piece 


of clean dry flannel, or hare-ſkin; when this 


plate is well excited, it is to be laid on the 
table with the electric uppermoſt. Secondly, 
| 1 „ Piace 


* Mr. Wilck, in Auguſt, 1762, contrived a reſinous ap- 
paratus, to which he gave the name of a perpetual electro- 
phorus. See Scripta Academiz Suec. 1762. 
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place the metal plate upon the electric, as in fig, 
74 and 75. Thirdly, touch the metal plate with 
the finger, or any other conductor, Fourthly, 
ſeparate the metal plate from the electric by 
the glaſs handle. This plate, when raiſed to 
ſome diſtance from the under one, will be found 
ſtrongly electriſied with the power which is 

contrary to that of the electric plate, and will 
give a ſpark to any conductor that is brought 
near it. By repeating this operation, 1. e. by 
ſetting the metal plate on the electric, and then 
touching it with the finger, a great number of 
ſparks may be ſucceſſively obtained without a 
freſh excitation of the electric. 

The following experiments, which were 
made with a view to analyſe this curious little 
inſtrument, are extracted from a paper of Mr, 
Achard's, in the Memoirs de VAcademie Roy- 
ale de Berlin for 1776. 


EXPERIMENT CLXIIF 


Mr. Achard placed horizontally a circular 
plate of glaſs, which was about two tenths of 
an inch in thickneſs, and one foot in diameter, 
on a tin plate, which only touched the glaſs in 
a few places; having excited the upper ſurface 
of the glaſs, it produced all the effects of the 

electro- 
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electrophorus; from whence he infers, that 
it is not neceſſary that the inferior metallic 
plate ſhould touch exactly in all its ſurfacethe 
electric coating. 


EXPERIMENT CLXIV. 


He inſulated, in a horizontal poſition, a plate 
of glaſs of one foot diamtier, he excited this, 
and then applied the upper plate in the uſual 
manner, and obtained a ſucceſſive number of 
weak ſparks; but in order to procure them, he 
was obliged to let the finger remain ſometime 
on the upper plate. If, inſtead of inſulating 
the plate of glaſs by glaſs, he inſulated it by 
wax or pitch, he conſtantly found that the 
ſparks were ſtronger. From this experiment 
he concludes, that the inferior plate is not ne- 
ceflary to the production of the effects obſerved 
in this inſtrument, and that when deprived of 
it, it retains all its properties. 


SS FERRIES . 


Having excited the upper ſurface of an elec- 
trophorus of wax, he placed the upper plate 
on it, and after ſome time lifted it off by its 
inſulating handle, without previouſly touching 
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it with the finger; it gave no ſpark, and way 
not poſſeſſed of the leaſt power of attraction 
and repulſion; which proves, that the electro. 
Phorous cannot render the upper plate electric, 
unleſs it is touched by a body which is capa. 
pable of giving or taking electricity from it. 


EXPERIMENT CLXVI 


Place the upper plate on an excited electro- 
phorus, bring a finger near the upper plate, 
and a ſpark will paſs between them. Now as 
the electric fluid never appears as a ſpark, ex- 
cept when it paſſes with rapidity from one body 


to another, and as the upper plate exhibits no 


electric appearance, if it has not been previ- 
ouſly touched by a conductor, we may con- 
clude that the electrophorus only renders the 
upper plate electric when it has received or 
loſt a quantity of electricity, 


EXPERIMENT cLXVII. 


Place one of the ſmall braſs conductors with 
its pith balls on the upper plate, and then put 
them both on the electrophorus, the balls will 
immediately ſeparate a little; touch the upper 
plate with the finger and the divergence ceaſes; 
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but on lifting this plate from the electropho- 
rous by its glaſs handle the balls diverge with 
great force, forming a very large angle; on 


taking a ſpark from the plate they immediately 


cloſe. The ſeparation of the balls ſhews clear- 
ly that the upper plate either abſorbs a quan- 
tity of eleCtricity, or imparts a portion of its 
natural ſhare to the under one; it alſo ſhews 
that the former, as ſoon as it 1s laid on the 
electrophorus, acquires a ſmall degree of elec- 


tricity, which it loſes on being touched with 


the finger; but it again becomes electrical 
when it is ſeparated from the electrophorus. 


EXPERIMENT CLXVIII. 


Inſulate an electrophorus, and ſuſpend a 
pith ball by a linen thread, in ſuch a manner 
that it may be about one quarter of an inch 
from a piece of metal which is connected with 
the bottom plate; the ball does not move when 
the upper plate is laid on the electrophorus, 
but when this is touched by the finger the 
ball is attracted. As ſoon as the upper plate 
is taken off, the inferior metallic coating at- 
tracts the ball, but quits it if the coating is 
touched by the finger, It is alſo attracted if 

the 
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the upper plate is put on before the ſpark ha 
been taken from it, though it laſts longer and 
is ſtronger if the ſpark is taken befere it is 
placed on the elerophorus. 


EXPERIMEN T CLXIX, 


Electrify the under ſide of the electrophorus 
by connecting the under plate with the conductor 
of a machine; the' upper plate will give ſtrong 
ſparks to the hand, or any other non: electric. 
Touch the upper plate with one hand, and the 
under one with the other, a ſhock will be re- 
ceived, The ſame effect is produced, if the 
upper plate is electrified by the machine. Set 
fig. 74. 2 


EXPERIMENT CLXX. 


Inſulate an electrophorus which is not excited, 
and place the upper plate upon it, then eleQrify 
the under plate by a chain from the prime con- 
ductor; take a ſpark from the chain, and the 
electrophorus acquires all the properties which 
are given to it by exciting the upper ſurface. 


E X- 
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EXPERIMENT CLXXI, 


Connect the upper plate by a chain with the 
prime conductor, and electrify it; then take a 


ſpark from the chain, and the electrophorus 
will acquire, as before, the fame powers which 
it gains when the upper ſurface is rubbed, 


EXPERIMENT CLXXII. 


The ſame effect is produced by placing a 
Leyden phial on the upper plate of an unexcited 


eletrophorus, then charging and diſcharging 
it on the plate, 


From the three laſt expriments we learn, that 
the electrophorus may be put in action by 
communication as well as by friction. 


EXPERIMENT CLXXIII. 


Mr. Achard placed the upper plate on an 
excited electrophorus, and a cube of metal, 
furniſhed with a glaſs handle, on this plate; on 
taking the cube by its handle from the upper 
plate, without previouſly touching it, it attracted 
a light ball. On repeating this expriment, and 

touching 
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touching the upper plate before the cube waz 
taken off, it did not appear in the leaſt electrical. 


EXPERIMENT CLXXIV. 


By examining the electrophorus with ſmall 
pith balls, we find, 

1. That as ſoon as the upper plate is placed 
on an electrophorus of wax, it acquires a weak 
poſitive electricity ; and the. contrary, if placed 
on an electrophorus of glaſs. 

2. That when the upper plate i is touched by 
the finger, it loſes all its electricity. 

3. When the upper plate is touched by the 
finger, and removed from the electrophorus, it 
acquires a ſtrong negative electricity, if the 
electrophorus is of glaſs; and a poſitive elec- 
tricity, if it js of wax. 

The electrophorus may be conſidered as 
formed of ſeveral horizontal ſtrata; ſo that when 
the upper one is excited, either by friction or 
communication, it is inſulated by the inferior 
ſtrata. Now all inſulated electrics preſerve their 


electricity a conſiderable time, and it is from that 
cauſe that the electricity of the e 
continues ſo long. 


Inſulated and excited glaſs, induces the nega- 
tive An on bodies brought within the 
ſphere 
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ſphere of its action, while negative electrics, in 
ſimilar circumſtances, produce the poſitive elec- 
tricity. Therefore the ſurface of the electropho- 
tus, ought to communicate immediately a poſi- 
tive electricity, if it is of wax; the negative, if 
it is made of glaſs; which is perfectly conform- 
able to experiments. But when the upper plate 
is touched by the finger, the upper ſurface of 
the electrophorus ceaſes to be inſulated, and 
gives the negative electricity to the upper plate, 
if it is of glaſs, and the contrary, if of wax, 
agreeable to the different expriments which are 
deſcribed in Chap. IV. 

Electric bodies do not put the aud in chat 
degree of motion which is neceſſary to produce 
the ſpark, or exhibit the phœnomena of at- 
traction and repulſion, while they are in con- 
tact with conducting ſubſtances, which is the 
reaſon why the upper plate exhibits no ſigns of 
electricity while it remains in contact with the 
under one, though they become ſenſible the 
inſtant it is removed from it. 

As the theory of this inſtrument has hs 
deemed very intricate, I have ſubjoined another 
explanation of it, which is given by the editors 
of the Monthly Review. 

* Therefore, (in the caſe of a glaſs electro- 
phorus) as it is a caſe which admits of a ſome- 

| what 
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what eaſier illuſtration, the excited plate aft; 
upon the electric matter naturally contained in 
the upper braſs plate, fo as to repel a part of its 
natural quantity from it in form of a ſpark, at 
that part where the finger is applied to it. If 
the braſs plate in this ſtate is lifted up by its 
handle, it will receive a ſpark from the finger. 
On being replaced, and the ſame operation ta- 
king place, the ſame reſult will be obtained; 
which may be continued for a great length of 
time, without diminiſhing the virtue of the 
excited electric, which in fact does not part 


with any of its own electricity, but only repels 


a part of what is in the upper plate, which is 
repeatedly reſtored to it from the earth by the 
perſon who makes the experiment.” 


EXPERIMENT CLXEXY, 


Place a piece of metal on an excited electro- 
phorus, it may be of any ſhape ; a pair of tri- 
angular compaſſes are very convenient for this 
purpoſe. Electrify the piece of metal with the 


power which is contrary to that of the electro- 


phorus, and then remove it by means of ſome 
electric, and afterwards fift upon the electro- 
phorus ſome finely powdered reſin, which will 
120 form 
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Qs form on its ſurface curious radiated figures. 
in When the plate is negative, and the piece of me- 
it tal poſitive, the powder forms itſelf principally 
at about thoſe parts where the metal was placed; 
if but if the plate is poſitive, and the ſpark is ne- 
it gative, the part where the metal touched will 
er. be free from powder, and the other parts more 
a- covered. 
d; 
: EXPERIMENT CLXXVI. 
* To recover the force of an electrophorus by 
ls iefelf. Place the metallic cover on the reſinous 
8 cake, touch it as uſual; then take it up, and 
he diſcharge it on the knob of a Leyden phial ; 
repeat this operation ſeveral times, and then 
place the bottle on the cake, and move it over 
its ſurface, holding the bottle by the knob; 
this will augment the force of the electrophorus 
and by reiterating the operation it will become 1 
4 very powerful, 1 
1 bY 
a EXPERIMENT CLXXVIL 1 
| | iS 
r0- Inſulate a metal quart mug, and ſuſpend a 1 
e pair of ſmall pith balls by ſilk, ſo that the 1 
» whole of the electrometer may be within the _ 
I! mug, electrify the mug, and the electrometer 1 
« f 
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will not be in the leaſt affected. The ſimilar 
atmoſpheres counteract each other; and as no 
contrary power can take place in the electrome- 
ter, it will remain unelectrified. Touch the 


mug with ſome conducting ſubſtance, and it will 
immediately attract the balls. 


EXPERIMENT CLXXVIII. 


Suſpend a ſmall cylinder of gilt paper by tin- 
foil, and then touch the electrified and inſu- 
lated mug with it, a ſpark will paſs between 
them, and the electricity will be diffuſed in each 
in proportion to their capacity. Now plunge 
the inſulated cylinder to the bottom of the mug, 
and it will reſtore to it the electricity it had re- 
ceived, and does not give the leaſt ſign of elec- 
tricity when taken out. 


EXPERIMENT CLXXIM. 


Connect a pair of pith balls with an inſulat- 
ed metal veſſel, in which a metal chain is placed, 
raiſe the chain by means of a ſilk thread, and 
the divergence of the balls will diminifh in 
proportion as the chain is raiſed and diſplayed; 
ſhewing, that the electricity is rarified, and its 
denſity is diminiſhed in proportion as it ſpreads 

| itſelf 
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ſelf from the ſurface of the veſſel on the ex- 
tended chain ; which is confirmed by the balls 
diverging again when the chain is let. down 
into the- yeſſel, This experiment affords an 
ealy ſolution for many of the phœnomena of 
atmoſpheric electricity, as why the vapour of 
electrified water gives ſuch ſmall ſigns of elec- 
tricity, and why the electricity of a cloud 1s in- 
creaſed by being compreſſed or condenſed. 


EXPERIMENT eLXXxX. 


Excite a ſlip of white fennel, or a ſilk ribbon, 
and take as many ſparks from it as it will give ; 
then double or roll it up, and the contracted 
flannel will be ſtrongly electrical, give ſparks, 
and throw. out bruſhes of light. 


or THE ADVANTAGES WHICH MAY BE DERIVED 
FROM AN IMPERFECT INSULATION, AND OF 
RENDERING VERY SENSIBLE VERY SMALL 
DEGREES. OF NATURAL AND ARTIFICIAL 
LSCTRICTTY, BY MR. VOLTA. 


A conductor, properly conſtructed for ag 
obſervations on atmoſpherical electricity, will 
ſeldom affect the moſt ſenſible electrometer when 
the ſky is free from electrical clouds; but by 
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means of the apparatus now to be deſcribed t 
will appear that theſe conductors are always 
electrical, and conſequently the air which ſur. 
rounds them muſt be at all times electrified. 
This method not only determines the exiſtence, 
but alſo the quality of the electricity, whether 
poſitive or negative, and that, even when the 
conductor will not attract the fineft thread; 
but if a very ſmall attraction is viſible in the 
conductor, then the apparatus will give long 
ſparks. 

The deeper uſed for this purpoſe 
may with propriety be termed a micro-elec- 
trometer, or condenſer of electricity. 
Whenever the atmoſpherical conductor gives 
ſufficient ſigns of electricity, then the conden- 
ſing apparatus becomes uſeleſs. For when the 
electricity is ſtrong, it often happens that part 
of the electricity of the metal plate is impreſſed 
upon the other, in which caſe the apparatus 
acts as an electrophorus, and becomes unfit 
for our purpoſe. | 

The apparatus adapted fan this purpoſe con- 
fiſts of the upper plate of an electrophorus, 
and a ſemi- electric, or an imperfect conducting 
plane, which will only hinder in a certain 
degree the paſſage of the fluid. Many conduc- 


tors of this kind may be formed]; ſuch as 2 
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clean dry marble ſlab, a plate of wood, covered 
with a coat of varniſh, &c. The ſurface of 
thoſe bodies not contracting electricity, or if any 
ſhould adhere to them it ſoon vaniſhes, on ac- 
count of their ſemi-conducting nature; for 
which reaſon they cannot anſwer the end of an 
electrophorus, but are fit to be uſed as con- 
denſers of electricity. 

Care ſhould be taken however in chooſing 
this plane, that it be not of too free a conduct- 
ing nature, nor likely to become ſo by uſe, it 
being abſolutely neceſlary that the electricity 
ſhould find a confiderable refiſtance in pervad- 
ing its ſurface. In preparing ſuch a plane, by 
drying, or otherwiſe, it is much better to come 
too near than too far from a non- conductor. 
A marble ſlab or board, properly dried, anſwers 


well, and is preferable to any other plane; 


otherwiſe the plate of the electrophorus is 
preferable to all bodies unprepared. 

The worſt ſort of marble, if coated with co- 
pal, amber, or lac-varniſh, and then kept in an 
oven for a ſhort time, will anſwer very well, 
even without previouſly warming for the expe- 
riment, 

This, in fact, it may be ſaid, is returning to 
the elerophorus: as marble, wood, &c. 
varniſhed, if they are hot, may be excited by 
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a very flight friction, and ſometimes by only 
tying the metal plate on them ; to prevent 


which they ſhould be uſed without warming. 


The advantage plates of this kind have over 
the common electrophorus are, 1. That the 
varniſh is always thinner than the common 
refinous ſtratum of an electrophorus; and 


2. That the varniſh acquires a ſmoother and 


plainer ſurface : hence the metal plate can with 
more advantage be adapted to it. 

Any ſort of plane, covered with dry and 
clean oil-cloth, or oiled-filk, or ſattin, and any 
other filk ſtuff that is not very thick, may be 
uſed with equal advantage, if it is lightly 
warmed. Silk ſtuffs anſwer better for this pur- 


poſe than thoſe made of cotton or wool, and both 


better than linen. Paper, leather, wood, ivory, 
bone, and every other ſort of imperfect con- 
ductors may be made to anſwer to a certain de- 
gree, if they are previoufly dried, and kept hot 
during the experiment. 

This apparatus is rendered more ſimple by 


applying the filk, &c. to the upper plate of 


metal, which is fixed to the glaſs handle, in- 
ſtead of the marble or other plate, which nov 
becomes uſeleſs; for in its ſtead, a plane of 
any kind may be uſed, as a common wooden ot 
marble table, even not very dry; a piece of 
7 | metal, 
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metal, a book, or any other conductor with a 
flat ſurface. | 

Nothing more is requiſite in theſe experi- 
ments than that the electricity, which tends to 
paſs from one ſurface to the other, ſhould meet 
with ſome reſiſtance or oppoſition in one of 
the ſurfaces, as will be evident in the ſecond 
part. 

It is immaterial whether the non-conducting 
or ſemi-conducting ſtratum be laid upon one 
or the other of thoſe planes; all that is neceſ- 
ſary is, that they ſhould -coincide together, 
which renders it proper to uſe two planes that 
have been ground together, and one of them 
varniſhed, A fingle metal plate, covered with 


filk, with three filk firings faſtened to it by 


way of handle, may be conveniently uſed for 
ordinary experiments. 

To uſe the apparatus, the upper metal plate 
muſt be placed upon the unelectrified plate 
and in perfect contact with it. 

The plates being thus placed, let a wire, 
communicating with the conductor, be brought 
to touch the metal plate of the electrophorus, 
and that only. | 

The apparatus being left i in chat ſituation a 
certain time, will acquire a ſufficient quantity 
of electricity, but very ſlowly. 
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Remove the communicating wire from the 
metal plate, and, by means of its inſulated 
handle, ſeparate it from the under one ; it will 
now attract a thread, electrify an electrometer, 
and, if it is ſtrong, will give ſparks. &c. 


though the atmoſpherical conductor ſhewed no, 


or only ſmall, ſigns of it. 

It is not eaſy to determine the exact time 
neceſſary for this apparatus to remain in con- 
tact with the conductor, as it will depend on 
many circumſtances ; far, if there are no ſigns 
of electricity in the conductor, it will require 
eight or ten minutes, but if it attracts a fine 
thread, as many ſeconds will be found ſuff- 
cient. | 

It is difficult alſo to determine the preciſe 
degree to which the electricity may be con- 
denſed, or how much the electrical phenomena 
may be increaſed by this apparatus, as it de- 
pends on various circumſtances. The aug- 
mentation, is however, greater in proportion as 
the body which ſupplies the metal plate has a 
greater capacity, and is larger in proportion as 
the electricity is weaker. Thus, though the 
atmoſpherical conductor has ſcarcely power 
ſufficient to attract a fine thread, it is neverthe- 
leſs capable of giving ſuch a quantity of elec- 


tricity to the metal plate of the electrophorus, 
as 
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2s not only to actuate an electrometer, but 
even dart ſtrong ſparks. But if the electricity 
of the atmoſpherical conductor is ſtrong enough 
to afford ſparks, or to raiſe the index of the 
electrometer to 5 or 6 degrees, then the re- 
ceiving plate of the electrophorus, according 
to this method, will raiſe its index to the high- 
eſt degree, and give a ſtronger ſpark ; yet it 
may be plainly perceived, that the condenſa- 
tion 1s preportionably leſs in this than in the 
other caſe ; for this reaſon the electricity can- 
not be accumulated beyond the greateſt degree; 
that is to ſay, when it is increaſed ſo much as 
to be diſſipated every way: Therefore, as the 
electric power, which ſupplies the condenſer, 
is neareſt to the higheſt degree, the condenſa- 
tion is proportionably leſs ; but in this caſe the 
condenſer is uſeleſs ; its principal uſe being to 


collect and render ſenſible that ſmall quantity 


of electricity which would otherwiſe remain 
imperceptible and unobſerved. 

Hitherto we have adapted our condenſer to 
the detecting weak atmoſpherical electricity, 
as brought doun by the conductor; but this, 
though the principal, is not the only uſe to 
which it may be applied. It will likewiſe diſ- 
cover artificial electricity, when it is ſo weak 
as not to be diſcoyerable by any other means, 
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A Leyden phial eharged, and then diſchar. 
ged by touching its coated ſides with the dif. 
charging rod or the hand, appears to be quite 
deprived of its electricity; yet, if you touch 
the knob of it with the metal plate of the con- 
denſer, (fituated upon an imperfect conducting 
plane) and immediately take up the plate, it 
will be found to give very conſpicuous ſigns of 


electricity. But, if juſt ſufficient charge is left 


in the phial to attract a fine thread, and the 
metal plate is then brought to touch the knob 
for a moment, it will, when lifted up give a 
ſtrong ſpark, and if touched again, a ſecond 
ſcarce ſmaller than the former; and thus, ſpark 

after ſpark may be obtained for a long time, 
This method of producing ſparks, by means 
of a phial which is not charged ſo high as to 
give ſparks of itſelf, is very convenient for va- 
rious pleaſing experiments; as to fire or light 
the inflammable air-piſtol, or lamp; eſpecially 
when a perſon is provided with one of thoſe 
phials contrived by Mr. Cavallo, which, when 
charged, may be carried in the pocket a long 
time. Theſe phials, as they retain a ſenfible 
charge for ſeveral days, will retain an inſenfible 
one for weeks and months; or, ſuch a one as 
cannot eafily be diſcovered without the conden- 
ſer, in which caſe it becomes more than ſenfi- 
| ble 
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ble, and ſufficient for the experiments of the 
inflammable air-piſtol, &c. 

Secondly, If vou have an electrical machine 
ſo far out of order that its conductor will not 
give a ſpark, nor attract a thread, then let this 
conductor touch the metal plate of the conden- 
ſer, and continue in that fituation a few mi- 
nutes, (the machine being till in motion) lift 
up the meta] plate, and you will obtain from 
it a ſtrong ſpark. 

Thirdly. If the electrical machine acts well, 
but the conductor is ſo badly inſulated that it 
will not give a ſpark, either from its being con- 
nected with the walls of the room, or by hav- 
ing a chain from it to the table, let the con- 
ductor in this ſtate touch the metal plate of the 
condenſer, while the machine is in action, the 
plate will afterwards give ſufficient ſtrong figns 
of electricity; which proves the great power 
this apparatus has of drawing and condenſing 
the electicity. | | 

Fourthly, Where the electrometers are not 
ſufficiently ſenſible to diſeover the quantities of 
excited eleftricity, thoſe quantities may be rea- 
dily explored by the condenſer. For this pur- 
poſe, rub thoſe bodies with the metal plate of 
the condenſer, which for this purpoſe muſt be 
naked, andif the plate be then preſented to an 

elec - 
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an electrometer, it will be found conſiderably 
electrified, although the body rubbed may hare 
acquired little or no electricity. The quality, 
whether poſitive or negative, may eaſily he af. 
certained, fince the electricity of the metal 
plate muſt be the contrary of that body on 
which it was rubbed, Mr. Cavallo made uſe 
of this method to diſcover the electricity of 
many bodies. But ſtill a better method may 
be uſed in caſe the bodies to be examined can- 
not eaſily be adapted to the metal plate, viz, 
The metal plate being laid on the imperfe& 
conducting plane, the body to be tried is rub- 
bed againſt, or repeatedly ſtroaked upon it, 
which done, the plate is taken up and examined 
by an electrometer. If the body tried is lea- 
ther, a ſtring, cloth, velvet, or other imper- 
fect conductor of the like ſort, the plate will 
certainly be found electrified and incompar- 
ably more by this means than if it were ſtroak- 
ed by the ſame bodies, whilſt ſtanding in- 
ſulated in the air. In ſhort, by either of thoſe 
methods you will obtain electricity from bo- 
dies which could hardly be expected to give 
any, even when they are not very dry. Indeed, 
coals and metals excepted, every other body 
will afford ſome electricity. Electricity may 

| often 


One 
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often be obtained by ſtroaking the plate with 
the naked hand. 

The metal plate has a much greater power 
to retain electricity when it lies upon a proper 
plane, as mentioned in the foregoing experi- 
ments, than when quite inſulated. 

It is eaſy to comprehend, that where the ca- 
pacity of holding electricity is greateſt, there 


the intenſity of the electricity is proportionably 


leſs, for it will then require a greater quantity 
to raiſe it to a given degree of intenſity ; ſo that 
the capacity is inverſely as the intenſity; by 
which we mean, that endeavour, by which the 
electricity of an electrified body tends to eſcape 
from all parts of it ; to which tendency or en- 
deavour, the electrical phœnomena of attrac- 
tion and repulfion, and eſpecially the degree 
of elevation of an electrometer correſpond, 

That the iutenſity of electricity muſt be in- 
verſely proportioned to the capacity of the body 
electrified will be clearly exemplified by the 
following experiment, | 


EXPERIMENT CLXXXI., 


Take two metal rods of equal diameter, the 


one a foot, the other five feet long ; let the 
firſt 
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firſt be electrified till the index of the elec. 
trometer riſes to 609, then let it touch the 
other rod; and in that caſe it is evident that 
the intenſity of the electricity being diffuſed 
between the two rods, will be diminiſhed x; 
the capacity 1s increaſed ; ſo that the index of 
the electrometer, which before was elevated to 
60®, will now fall to 10, viz. to one ſixth of 
the former intenfity. For the ſame reaſon, if 
the like quantity of electricity was communi- 
cated to a rod 60 feet long, its intenſity would 
be diminiſhed to one degree ; and on the con- 
trary, if the electricity of the long conductot 
was contracted into the both part of that capa- 
city, its intenſity would be increaſed to 60. 
Conductors of different bulk have not only 
different capacities for holding electricity, but 
alſo the capacity of the ſame conductor is in- 
creaſed and diminiſhed in proportion as its ſur. 
face is enlarged and contracted ; as is ſhewn in 
Dr. Franklin's experiment of the can and chain, 
&c. from which it has been concluded that the 


capacity of conductors is in proportion to their 7 
ſurface, and not to their quantity of matter. hol 

This conclufion is true, but does not com- it ſi 
prehend the whole theory, ſince even the ex- nex 
tenſion contributes to increaſe the capacity. In the 
ſhort, it appears from all the experiments hi- cor 


therto 
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therto made, that the capacity of conductors 
is not in proportion to the ſurfaces in general, 
but to the ſurfaces which are free, or uninflu- 
enced by ſimilar or homologous atmoſpheres ; 
and further, that the capacity of a conductor, 
neither altered in its form or ſurface, is in- 
creaſed, when inſtead of remaining quite inſu- 
lated, it 1s preſented to another, not inſulated ; 
and this increaſe is more conſpicuous, as the 
ſurfaces of the conductors are larger and ap- 
proach nearer to each other. 

The above-mentioned circumſtances, by 
which the natural capacity of conductors is 
greatly augmented, has been averloaked, and 
therefore no advantage has hitherto been de- 
duced from it. The following experiment 
will ſhew this increaſed capacity in the fimpleſt 
manner. | 


EXPERIMENT CLXXXI1, 


Take the metal plate of an electrophorus, 
hold it by its handle in the air, and electrify 
it ſo, that the index of an electrometer an- 
nexed to it may be elevated to 60?, then lower 
the plate by degrees to a'table, or other plane 
conducting ſurface, the index will gradually 

| fall 
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fall from 60?, to 50%, 40?, 309, &c. and yet 
the quantity of electricity in the plate remains 
the ſame, except it is brought ſo near the table 
as to occaſion a tranſmiſſion of the electricity 
from the former to the latter; at leaſt, it will 
remain as near the ſame as the dampneſs of the 
air, &c. will permit. The decreaſe of intenſity 
is owing to the increaſed capacity of the plate, 
which is now not inſulated, or ſolitary, but 
conjugate, or communicating with another con- 
ductor: for let the plate be gradually removed 
from the table, the electrometer will riſe again 
to its former ſtation, namely, to 60? ; except- 
ing the loſs that the air, &c. may have occa- 
ſioned during the experiment. | 
The reaſon of this phœnomenon is eaſily de- 
rived from the action of electric atmoſpheres, 
The atmoſphere of the metal plate, which fot 
the preſent I ſhall ſuppoſe eleErified poſitively, 
acts upon the table, or other conductor, to 
which it is preſented ; ſo that the electric fluid 
in the table retiring to the remoter parts of it, 
becomes more rare in thoſe parts which are ex- 
poſed to the metal plate, and this rarefaction 
increaſes the nearer the eleQrified metal is 
brought to the table, if the metal plate is elec- 


trified negatively, the contrary effects take 


place, In ſhort, the parts which arc immerſed 
in 
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in the ſphere of action of the electriſied plate, 
by contracting a contrary electricity, give the 
electricity of the metal plate an opportunity to 
expand itſelf, and will thus diminiſh its inten- 
fity, as is ſhewn by the depreſſion of the elec- 
trometer. 

The two following experiments will throw 
more light upon the reciprocal action of the 
electric atmoſpheres. 


EXPERIMENT clIxXxXXIIT. 


Electrify two flat conductors, either both 
poſitively or negatively, then bring them gra- 
dually towards each other, and it will appear, 
by two annexed electrometers, that the nearer 
they approach each other, the more their den- 
fities will increaſe, as all elaſtic bodies re- act 
in proportion as they are acted on; which 
ſhews that either of the two conjugate pow- 
ers has a much leſs capacity to receive 
more fluid now than when ſingly inſulated, 
and out of the influence of the other. This 
experiment explains, why the tenſion of the 
electric atmoſphere on an electrified conduc- 


tor is greater when it is contracted into a ſmal- 


ler bulk; and alſo, why a lofg extended con- 
ductor 
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duQor will ſhew leſs intenſity than a more 
compact one, ſuppoſing their quantity of ſur. 
face and electrieity to be the fame z becauſe 
the homologaus atmoſpheres of their parts in- 
terfere leſs with each other in the former than 
in the latter caſe, and of courſe, as their action 
is leſs, the re- action 15 alſo leſs, 


EXPERIMENT CLXXXIV. 


Electrify one of theſe flat conductors pofi- 
tively, the other negatively, and the effect 
will then' be juſt the reverſe of the preceding, 
viz. the intenſity of their electricities will be 
diminiſhed, becauſe their capacities, or their 
power and facility of expanding are increaſed 
the nearer the conductors come to, each other. 
Apply the explanatlon of this laſt experiment 
to that mentioned before, viz. the bringing 
the electrified metal plate towards a, condud- 
ing plane, which is not inſulated; for, as this 
plane acquires a contrary electricity, it follows 
that the intenſity of electrieity in the metal 
plate muſt be diminiſhed, and the annexed elec- 
trometer is depreſſed according as the capacity 
of the plate is increaſed,” or as the denfity of 
its atmoſphere isditniniſhed ; and conſequently 

: the 
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the plate in that ſituation is capable of receiv- 
ing a greater quantity of electricity. 


This will be rendered ſtill clearer by the fol · 


lowing experiment. 


1 


EXPERIMENT CLXXXY, 


inſulate the conducting plane whilſt the other 
elerified plate is upon it, and afterwards ſes 
parating them, both the metal plate and con- 
ducting plane, which may be called the inferior 
plane, will be found electrified, but poſſeſſed 
of contrary electricities, as may be aſcertained 
by electrometers. 

If the inferior plane is inſulated firſt, and 
then the electrified plate is brought over it, 
then the latter will cauſe an endeavour in the 
former to acquire a contrary electricity, which 
the inſulation prevents from taking place; 
hence the intenfity of the electricity of the 
plate is not diminiſhed, at leaſt the electrome- 
ter will ſhew a very little, and almoſt imper- 
ceptible depreffion, which ſmall depreffion is 
owing to the imperfection of the inſulation of 
the inferior plane, and to the ſmall rarefation 
and condenſation of the electric fluid which 
may take place in different parts of the ſaid 

R inferior 
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inferior plane. But if, in this ſituation, the 
inferior plane be touched ſo as to cut off the 
inſulation for a moment, then it will acquire 
the contrary electricity, and the intenſity in 
the metal plate will be diminiſhed. 

If the inferior plate, inſtead of being inſu- 
lated, were itſelf a non- conducting fubſtance, 
then the ſame phœnomena would happen, viz, 
the intenſity of the electrified metal plate laid 
upon it would not be diminiſhed. This, bos. 
ever, is not always the caſe, for if the ſaid in. 
ferior non- conducting plane is very thin, and 
is laid upon a conductor, then the intenſity of 
the electrified metal plate will be diminiſhed, 
and its capacity will be increaſed by being laid 
upon the thin inſulating ſtratum : as in that 
caſe, the conducting ſubſtance, which ſtands 
under the non- conducting ſtratum, acquiring 
an electricity contrary to that of the metal 
plate, will diminiſh its intenſity, &c. and then 
the inſulating ſtratum will only diminiſh the 
mutual action of the two atmoſpheres more ot 
leſs, according as it keeps them at greater 0r 
ſmaller diſtances from each other. 

The intenfity or electric action of the metal 
plate, which diminiſhes gradually as it is 
brought nearer and nearer toa conducting plane 


not inſulated, becomes almoſt nothing when 
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the plate is nearly in contact with the plane, 
the compenſation or natural balance being 
nearly perfect. Hence, if the interior plane 
only oppoſes a ſmall reſiſtance to the paſſage of 


the electricity, (whether ſuch reſiſtance is oc- 
cafioned by a thin electric ſtratum, or by the 
plane's imperfect conducting nature, as is the 
cale with dry wood, marble, &c.) that reſiſt- 
ance, joined to the interval, however ſmall, 
that is between the two plates, cannot be over- 
come by the weak intenſity of the electricity 
of the metal plate, which on that account will 
not dart any ſpark to the inferior plane, (ex- 
cept its electricity were very powerful, or its 
edges not well rounded) and will rather retain 
ts electricity; ſo that being removed from the 
inferior plane, its electrometer will nearly reco- 
rer its former height. Beſides the electrified 
plate may even come to touch the imperfectly 
conducting plane, and may remain in that fi- 
tuation for ſome time; in which caſe, the in- 
tenſity being reduced almoſt to nothing, the 
electricity will accordingly paſs but ſlowly to 
he inferior plane. But the caſe is different, 
ib in performing this experiment, the electri- 
ied metal plate touches the inferior plane 
elgewiſe, for then its intenſity being greater 
an when it is laid flat, as appears by the elec- 
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trometer, the electricity eaſily overcomes the 
{mall reſiſtances, and paſſes to the inferior plane, 
even acroſs a thin ſtratum, becauſe the elec. 
tricity of one plane is balanced by that of the 
other, only in proportion to the quantity of 
| furface which they oppoſe to each other within 
a given diſtance; ſo that when the metal plat 
touches the other plane in flat and ample con: 
-taQ, its electricity is not diſſipated. This ap- 
parent paradox 1s clearly explained by the the- 
ory of electric atmoſpheres. 

*Tis ſtill more like a paradox, that neither 
touching the metal plate with a finger or piece 
of metal will deprive it of all its eleQricity, 
while ſtanding upon the proper plane; ſo thut 
it generally leaves it ſo far electrified that when 
ſeparated from the plane, it will give a ſpark. 
Indeed, this phœnomenon eould not be ei 
plained on the ſuppoſition, that the finger a 
metal were perfect conductors. But, fince vt 
do not know of any perfect conductor, the me- 
tal or finger oppoſe a ſufficient reſiſtance to r. 
tard the immediate diffipation of the elec: 
tricity of the plate, which is in that caſe actua 
ed by a very ſmall degree of intenſity, or pove! 
of expanſion; ſo that, ſuppoſe for inſtance, 
the piece of metal or finger touching the plate 


took off ſo much of its electricity as to reduce 
the 
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the intenſity of the remainder to the goth part 
of a degree, this remaining electricity would 
be then nothing; but when the plate, by being 
ſeparated from the inferior plane, has its capa- 
city ſo far diminiſhed as to render the intenſity 
of its electricity 100 times greater, then the 
intenſity of that remaining electricity would be- 
come of two degrees or more; vi. ſufficient to 
afford a ſpark. 

Having confidered in what manner the action 
of electric atmoſpheres madifies the electricity 
of the metal plate in its various fituations, we 
ſhall now conſider the effects which take place 
when the electricity is communicated to the 
metal plate, whilſt ſtanding upon a metal plane. 
As the whole buſineſs has been proved in the 
preceding pages, it is eaſy to deduce the appli- 
cations from it; nevertheleſs, it will be uſety} 
to exemplify it by an experiment. 


EXPERIMENT SLIEXVI. 


Suppoſe a Leyden phial or a conductor, ſo 
weakly electrified that its intenſity is one half a 
degree, or even leſs; if the metal plate of 


the condenſer, when ſtanding upon its proper 


plane was to be touched with that phial or con- 
R 3 ductor, 
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ductor, it is evident that either of them would 
impart to it a quantity of its electricit, 
proportional to the plate's capacity, viz, f 
much as ſhould. make the intenſity of the 
electricity of the plate equal to that of 
the electricity in the conductor or phill, 
viz. half a degree; but the plate's capacity, 
now it lies upon a proper plane, is abort 
100 times greater than if it ſtood inſulated 
in the air, or which is the ſame thing, it 
acquires 100 times more electricity from 
the phial or conductor. It naturally follows 
that when the metal plate 1s removed from 
the proper plane, its capacity being le 
ſened ſo as to remain equal to the nooth 
part of what it was before, the intenſity of 
its electricity muſt become 509, fince the 
intenfity of the electricity in the phial « 
condu gor was half a degree. 

If a ſmall quantity of electricity, applied 
to the metal plate of the condenſer, ent 
bles it to give a ſtrong ſpark, it may be 
aſked, What would a greater quantity do! 
Why nothing more. Becauſe, when the elec 
tricity communicated to the metal plate | 
ſo ſtrong as to overcome the ſmall reſiſtance 


of the inferior plane it will be diſſipated. 
8 |: 
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It is eaſy to underſtand, that if the metal 
plate of the condenſer can receive a good ſhare 
of electricity from a Leyden phial or ample 
conductor, however weakly electrified, it can- 
not receive any conſiderable quantity of it from 
à conductor of ſmall capacity; for this conduc- 
tor cannot give what it has not, except it were 
continually receiving a ſtream, however fmal! 
as is the caſe with an atmoſpherical conductor, 
or with the conductor of a machine which acts 
very poorly, but continues in action. In thoſe 
caſes it has been obſerved, that a confiderable 
time is required before the metal plate has ac- 
quired a ſufficient quantity of electricity. 


As an ample conductor, weakly electrified, 


imparts a confiderable quantity of electricity to 
the metal plate of the condenſer, ſo when this 
plate is afterwards ſeparated from its plane, the 
electricity in it appears much condenſed and 
vigorous ; ſo when the ſame plate contains a 


ſmall quantity of electricity, ſuch as cannot 


give a ſpark or affect an electrometer, that elec- 
tricity may be rendered very conſpicuous by 
communicating it to another ſmall plate or con- 
denſer. | | 

Mr. Cavallo firſt thought of this improve- 
ment, by reaſoning on Mr. Volta's experiments. 
He made a ſmall metal plate not exceeding the 
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fize of a ſhilling. This ſecond - condenſer is 
of great uſe in many caſes where the electricity 
is ſo ſmall as not to be at all, or not clearly, ob. 
ſervable by one condenſer only, as has been 
fully proved. Sometimes the uſual metal plate 
of a condenſer acquires ſo ſmall a quantity 
of electricity, that being afterwards taken from 
the inferior plane, and preſented to an extremely 
ſenſible electrometer, made by Mr. Cavallo, it 
did not affect it. In this caſe, if the ſaid plate, 
thus weakly electrified, was made to touch the 
ether ſmall plate properly ſituated, and was at. 
terwards brought near an electrometer, the 
electricity was then generally ſtronger than 
was ſufficient merely to aſcertain its quality. 
Now if, by the help of both condenſers, the 
intenſity of the electricity has been augmented 
1000 times, which is by no means an exagge- 
ration, how weak muſt then be the electricity 
of the body examined! how ſmall the quan- 
tity of electricity that is produced by rubbing 
a piece of metal with one's hand! ſince when 
it is condenſed by bath condenſers, and then 
communicated to an electrometer, it will hardly 
affect that inſtrument, and yet is ſufficient to 
afford conviction that the metal can be elec- 
triſied by the friction of a perſon's hand. 
Before 
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Before the diſcovery of the condenſer and 
Mr. Cavallo's very ſenſible electrometer, we 
were far from being able to diſcover ſuch weak 
excitations ; whereas, at preſent, we can ob- 
ſerve a quantity of electricity, incomparably 
ſmaller than the ſmalleſt obſervable at thoſe 


times. 


CHAP. 
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CHAP. XIL 


OF ATMOSPHERICAL ELECTRICITY, 


T is now univerſally acknowledged by every. 


I philoſopher, that the electric fluid is diſſemi- 
nated through the whole atmoſphere : it is alſo 
known that the motion of this fluid is reſtrained 
when it acts in denſe air, but it moves with the 
greateſt liberty in a vacuum or rarified air as 
in an exhauſted receiver. Therefore at a great 
height, where the air is equally, if not more ra- 
rified than in our receivers, its motion muſt be 
exceeding free, and hence capable of the greateſt 
effects: becauſe it can be moved from one place 
to another with extreme eaſe and rapidity, and 
in great quantities; and if, as many philoſophers 
believe, the electric fluid is that ether or ſubtil 
matter which fills the intervals between the 
planets, how great muſt be the force of an agent 
which fills theſe immenſe ſpaces ! Be this as it 
will, we know that the upper ſtrata of air are 
filled with this fluid, and that it moves there 
freely. 
Again, we know that water, whether in ſub- 
ſtance or in vapour, is a conductor of electricity; 
that 


a a at. ox 6 mw = © = mz 
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that in proportion as air is loaded with it, it 


reſiſts leſs the motion and diffuſion of the .elec- 
tric fluid : conſequently, if vapour riſes to a 
great height, it becomes a conductor and canal 
of communication between this immenſe reſer- 
voir, this ocean of free electric fluid, and the 
entire maſs of our globe. If then this fluid 1s 
more reſtrained at one part of our globe than 
it is in correſponding parts of the higher regions 
the vapours will be the medium to reſtore the 
equilibrium. But this equilibrium will not laſt 
Jong, for it is natural to ſuppoſe this immenſe 
fluid ſubject to a flux and reflux, currents, &c. 
which will alter its local denſity. Thus alſo 
this fluid which 1s contained in our globe, can- 


not be long uniformly ſpread through its mals, 


as there are ten thouſand agents, which will 


either accumulate or rarify it : conſequently va- . 


pour will ſcarce ever riſe without ſerving as a 
vehicle to maintain the equilibrium between our 
globe and the fluid in the higher regions of the 
atmoſphere, 

This theory is ſo natural a conſequence of the 
moſt immediate and certain principles of electri- 
city, that it ſeems almoſt ſuperfluous to confirm 
it by the phœnomena which it explains. It is 
the only one that accounts for the following 
fact, chat vapours never riſe to a great height 

without 
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without producing the moſt terrible meteors, 
All conſiderable yolcanic productions are ac. 
campanied with lightening. The fire which riſes 
from the earth ſeems to light that of heaven, 
The column of vapour which proceeds from 
the bowels of a yolcano 1s continually traverſed 
by lightening *, which ſometimes ſeems to pro- 
ceed from the higher regions, ſometimes from 
the column itſelf, Hail, which neceſſarily ſup. 
poſes the aſcenſion of yapour to a confiderable 
height, is always accompanied with electricity. 
The aurora borealis is alſo electrical; its light 
ſeems to be produced by the electric fluid, at 
the inſtant it is condenſed in paſſing in the cor 
lumns of elevated vapour. 

Waterſpouts, whirlwinds, and even earth - 
quakes, are in a great meaſure the effects of 
torrents of the electric matter, attracted from the 
higher regions by torrents of vapour. In 2 
word, can the electricity of the clouds be attri- 
buted to a more natural or probable cauſe + ? 

For the ſubject of this chapter we are prin- 
cipally indebted to P. Beccaria, who has for 


* The younger Pliny obſerved theſe lightenings in the 
eruption which killed his uncle. Sir William Hamilton 
has alſo obſerved them ſeveral times, 


7 Saufſure's Effais ſur l' Hygrometrie, p. 275. 
many 


many years accurately obſerved the various 
changes in the electricity of the atmoſphere, 
and their relation to the other phœnomena of 
the weather, His apparatus was admirably well 
adapted for this purpoſe, and ſuperior to any 
thing that we are at preſent acquainted with, 
for intimating eafily and at all times the elec- 
tricity of the air. It not being at firſt ſuſpected, 
that electricity was ſo intimately blended with 
every operation of nature, as it is now known 
to be, the labourers in this part are of courſe 
very few; the principal are P. Beccaria, Mr. 
Ronayne, and Mr. Cavallo. 

I have extracted and methodized the reſults 
of the obſervations made by P. Beccaria, intro- 
ducing occaſionally thoſe made by others, that 
the reader might be in poſſeſſion of the moſt 
material facts, and excited to inveſtigate and 
purſue with attention this delicate and impor- 
tant ſubject; for, indeed, little certainty can be 
expected from any ſyſtem of meteorology where 


the action of the principal agent is not particu- 


larly conſidered and attended to. 

The apparatus uſed by P. Beccaria, for in- 
veſtigating the electricity of the atmoſphere, 
was an iron wire, which he terms an exploring 
wire, one hundred and thirty-two feet long. 
It was fixed at one end to a pole raiſed over the 

chimney, 
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chimney; the other end was faſtened to the top 
of a cherry-tree. The extremities of the wire 
were infulated, and covered with a ſmall um- 
brella of tin. Another wire was brought from 
this, (through a thick glaſs tube, coated with 
ſealing- wax) into the room; by which means, 
continual information of the ſtate of the elec- 
tricity in the exploring wire was obtained. He 
connected with this wire a ſmall ſlip of metal, 
on each fide of which was a ſmall pith ball, 
one line diameter; the balls were ſuſpended by 
{11k threads, ſixteen lines long. 

Air balloons will probably enable us to dif. 
cover with certainty the electricity of the diffe- 
rent ſtrata of the atmoſphere. Mr. de Sauſſure 
has already made the experiment with a balloon 
made of taffety, containing two hundred cubic 
feet of air, and which was raiſed by the heat from 
the flame of ſpirit of wine : with this, in cloudy 
but calm weather, he obtained a ſtrong poſitive 
electricity “. 

The electricity, in ſerene weather, generally 
makes each of the balls diverge about ſix lines; 
when it is very ſtrong, they will diverge fifteen 
or twenty degrees from the metal plate; when 
weak, the divergence is very ſmall. 


* Faujas de St. Fond, Deſcription des Experiences 
Aeroſtatiques, tom. II. p. 271. 
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In ſerene weather, the wire, after being 
touched, will take a minute or longer before it 
again ſhews ſigns of electricity; though, at 
other times, it will become electrified in the 
ſpace of. a ſecond. 

The electricity during ſerene weather is al- 
ways poſitive. There are few inſtances in which 
it is negative, and then it is brought over by 
the wind from ſome part of the atmoſphere, 
(perhaps very diſtant from the place of obſer- 
vation) where there is either fog, ſnow, rain, or 
clouds. The whole ſeries of obſervations which 
P. Beccaria has made confirm this poſition. 
He ſeems to have met with only three or four 
inſtances to the contrary. 

Dr. Franklin has obſerved, that the clouds 
are ſometimes negative, which is certainly true; 
becauſe they will at times abſorb, at and through 
the apparatus, a large and full bottle of poſitive 
electricity, of which the apparatus could not 
have received and retained the hundredth part. 
And it is eaſy to conceive, how a ſtrongly 
charged large poſitive cloud may reduce ſmaller 
clouds to a negative ſtate. 

The electricity of the atmoſphere is very 
much connected with the ſtate of the air, as to 
moiſture and dryneſs; ſo that it is neceſſary to 
attend to the hygrometer, in order to form a 


proper 
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proper judgment of the different degrees of 
electricity at different times. That invented by 
Mr. Coventry, which is made of hatters' paper, 
will anfwer beſt; it is very ſenſible, abſotbs 
moiſture ſoon, and parts with it eaſily. Com- 
parative obſervations may alſo be made with it. 
It is alfo neceſſary to place a thermometer near 
the hygrometer, to aſcertain what quantity of 
' moiſture the air can keep in ſolution with a 
given degree of heat: though this object will 
more probably be obtained by obſerving ac- 
curately the quantity of moiſture Evaporated 
from a given ſurface at different times. It is 
alſo to be obſerved, that the different degrees of 
denſity in the air will affect the quantity of 
moiſture which is retained in the air. 

The moiſture in the air is the conſtant con- 
ductor of the atmoſpheric electricity during 
clear weather; and the quantity of electricity 
is proportioned to the quantity of moiſture 
which ſurrounds the exploring wire; except 
there is ſo much as to leſſen the exactneſi of 
the inſulation of the wire and of the atmoſphere. 
In a dry ſtate of the air it will ſometimes be 
above a minute before the balls will manifeſt 
any electricity after the wire has been touched; 
though in a damper ſtate, a ſecond will ſcarce 
elapſe before rapid oſcillations of the balls may 

| be 


© 
— 


@S ET SS SS 


—_ 
CY 


N KT . E 


S228 A&A N 


8 


be 
eſt 


kLECTAICETY, 257 


be obſerved between the finger and the plate 


of braſs to which they are affixed *, 

The electricity, when the weather clears up, 
is always poſitive. When the weather is clear- 
ing up, and becomes dry quickly, the electricity 
riſes to a great degree of intenſity, and affords 
frequent opportunities for repeating the ob- 
ſervations. It ſometimes happens, that the elec- 
tricity, cauſed by the clearing up of the wea- 
ther, continues in its ſtate of intenſity for a 
long while; and alſo, after being interrupted, it 
begins afreſh. Theſe accidents ſeem to be ow- 
ing to the electricity being brought over by the 
wind from great diſtances. 

P. Beccaria ſays, that whenever he obſerved 
that the thick low clouds which were over his 
head began to break, and the rare even clouds, 
which are above the former, became dilated, that 
the rain ceaſed, and the balls diverged with 
poſitive electricity, he always wrote down CER- 
TAIN TENDENCY TO CLEAR WEATHER. 


Prior Ceca ſays, that a ſtrong poſitive electri- 


In making obſervations on the electricity of the atmo- 
ſphere in clear weather, it is eſſential to repeat them very 
frequently; 1. e. to obſerve the velocity with which the 


| electricity riſes after it has been annihilated ; which P. Bec- 
aria generally eſtimated by the number of ſeconds elapſed 


before the balls began to manifeſt their eleftricity, 
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Eity after rain is an indication that the weather 
will continue fair for ſeveral days. If the elec. 
tricity is weak, it is a ſign that the fair weather 
will not laſt the whole day, but that it will dan 
be cloudy, and even rain. 

If, when the ſky grows clouded over the 
place of obſervation, and a high cloud is form. 
ed, without any ſecondary clouds under it, and 
that it is not an extenſion of a cloud which 
drops rain elſewhere ; either no electricity takr 
place, or it is poſitive. | 

If the clouds which are gathering are ſhaped 
like Jocks of wool, and keep moving firſt nearer 
to, and then ſeparating from each other; or, if 
the general cloud which is forming lies very 
high, and is ſtretched downwards like deſcend- 
ing ſmoke, then poſitive electricity common 
takes place, which is more or lefs ſtrong in 
proportion to the quicknefs with which this 
cloud forms; and it foretells the greater or | 
quantity and velocity of the rain or How uni 
is to follow. 

When a thin, even, and extenſive cloud 1s 
forming, which darkens the ſky, and turns i 
into a grey colour, a ſtrong and repeated pol 
tive electricity takes place; but in proportion 
as the gathering of the cloud ſlackens, thi 
electricity leſſens, or even fails. On the con- 
5 | trat, 
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jrary, if the rare extenſive cloud is gradually 


formed of ſmaller clouds, like Jocks of wool, 
which are continually joining to, and parting 
from each other, the poſitive electricity com- 
monly continues. | 
Low and thick fogs (eſpecially when as 
they riſe the air above them is free from moi- 
ſture) carry up to the exploring wire an *leQri- 
city which will give ſmall ſparks repeatedly, and 
produce a divergence of the balls from 20 to 
25%, or even 30%. If the fog grows ſluggiſh, 
and continues round the exploring wire, the 
electricity ſoon fails; but, if it continues to riſe, 
and another cloud ſucceeds, it ele&rifies again 
the wire, though leſs than before. Sky-rockets 
ſent through ſuch thick, low, and continued 
ſogs, often afford ſigns of electricity. P. Bec- 
caria,-under any one of the circumſtances above 
deſcribed, never met with an inſtance of nega- 
tive electricity; except, perhaps once, when he 
knt a ſky-rocket, to which a ſtring was fixed, 
through a low thick fog; though he had after- 
wards every reaſon to think that he had mif- 
taken A FALSE LITTLE STAR FOR A TRUE ONE. 
Mr. Ronayne obſerved, that the air in Ireland 
was generally electrified in a fog, and even in a 
miſt, and that both day and night, but prin- 
cipally in winter; ſeldom in ſummer, except 
S 2 from 
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from poſitive clouds, or cool fogs. The electri. 
City of the air in a froſt or fog is always poſitive. 
He ſays, that he has often obſerved, during 
what ſeemed the paſſing of one cloud, ſucceſ. 
ſive changes from negative to poſitive, and from 
poſitive to negative. 

N. B. Moſt fogs have a ſinell your like an 


excited glaſs tube. 


Mr. Henly has ſhewn, that fig are «more 
ſtrongly electrified in, or immediately after a 
froſt, than at other times; and that the electri- 
city-in fogs 1s often the ſtrongeſt ſoon after their 
appearance. 

Whenever there appears a thick fog, and at 
the ſame time the air is ſharp and froſty, that 
fog is ſtrongly electrified poſitively. 

Though rain is not an immediate cauſe, yet 
he is inclined to think it was always a remote 
conſequence, of electricity in the atmoſphere; 
and he generally found, that in two or three 
days after he had diſcovered the air to be 
ſtrongly electrified, we had rain, or other fal. 
ing weather. | 

If, in clear weather, a low cloud, which moves 
lowly and is conſiderably diſtant from any other, 
paſſes over the wire, the poſitive eleftricity 
generally grows very weak, but does not be- 
come negative; and when the cloud is gone, it 
returns 
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returns to its former ſtate, When many whit- 
iſh clouds, like locks of wool, keep over the 


wire, ſometimes uniting with, and then ſepa- 


rating from, each other, thus forming a body 
of conſiderable extent, the poſitive electricity 
commonly increaſes. In all the above circum- 
ſtances the poſitive electricity never changes to 
a negative One, | 

The clouds which leſſen the electricity of the 
exploring wire are thoſe which move ; though 
thoſe that are low ſeem alſo to have the ſame 
effect. 


— 


OF THE DIURNAL ATMOSPHERICAL ELEC TRI“ 
CITY, 


In the morning, when the hygrometer indi- 
cates a degree of dryneſs equal to, or little leſs 
than that of the preceding day, an electricity 
takes place before the ſun riſes ; which is ma- 
nifeſted by junctions, adheſions, or even a di- 
vergence of the balls, and is proportional to the 
dryneſs of the air, and the ſmallneſs of its dif- 
ference from that of the preceding day. If this 
ſtate of dryneſs does not obtain, no diſcernible 
electricity will be perceived before, or even 
for a little while after, the riſing of the ſun, 
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As the #if is generally darip in the night, 
clectricity is ſeldom obſeryed before the ſun 
riſes. During three months obſervations P. Bee. 
caria found the electricity before the ſun toſe 
only eighteen motnings; and from the whole 
of his numerous obſervations it appears, that 
the appearance of electricity in winter before 
ſun:riſe is more frequent than in the ſummer, 
eſpecially if the dampneſs from hoar-froſt is 
prevented from affecting the apparatus. 
In the morning, as the ſun riſes higher, the 
electricity, whether it began before ſun-riſe ot 
only after, gradually increaſes. This gradual 
Increaſe « of the morning electricity begins ſooner 
if the hygrometer continues after ſun-riſe to 
indicate a greater degree of increaſing drynef. 
The intenſity and the riſe of the ele&tricity 
(after it has been annihilated by touching the 
exploring wire) laſts in ſerene days, in which 
no impetuous wind takes place, and the hy- 
grometer is ſtationary at the higheſt degree it 
has attained that day, till the ſun draws neat 
the place of its ſetting. When the ſun is near 
ſetting, and in proportion as the hygrometer 
abſorbs the moiſture, the intenſity of the daily 
clectrieity lefſens. 
Though the hygrometer may indicate equal 
degrees of dryneſs at twelve o'clock, in differ- 
ent 
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ent days, yet the electricity will appear ſooner 
alter being deſtroyed on ſome days than on 
others; and this is in a great meaſure propor- 
tioned to the increaſe of heat. The electri- 
city moreover commences on ſuch days later 
in the morning, and falls ſooner in the even- 
ing, 3 

The friction of winds againſt the ſurface of 
the earth is not the cauſe of atmoſpheric elec- 
tricity, Impetuous winds leſſen the intenfity 
of the electricity in clear weather. If they are 
damp they leſſen its intenſity in proportion to 
the diminution they cauſe in the exactneſs of 


the inſulation both of the wire and atmoſphere. 


OF THE ELECTRICITY PRODUCED BY THE EVEN- 
ING DEW. 


In cold ſeaſons, if the ſky is clear, little winds 
and a great degree of increaſing dryneſs, an 
electricity of conſiderable intenſity ariſes after 
ſun-ſet, as ſoon as the dew begins, The fre- 
quency of ſuch electricity is moreover greater 
than that of the gaily electricity, and it vaniſhes 
ſlowly, 

In temperate or warm ſeaſons, if the ſame 


circumſtances as above take place, an electri- 
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eity intirely ſimilar to the former ariſes as ſoon 
as the ſun has ſet; only its intenſity is not ſo 
conſtant; it begins with — rapidity, and 
ends ſooner. 

If, under the above circumſtances reſpective. 
ly, the general dryneſs of the air happens to 
be leſs, the electricity that riſes in the even- 
ing, when the dew begins, is leſs in propor: 
tion to the diminutions of the exactneſs of the 
inſulation of both the exploring wire and the 
atmoſphere; but correſpondently to the greater 
quantity of dew, the 3 of the electti. 
city is greater. 

The electricity of dew ſeems to depend on 
the quantity of dew, and to follow in its va- 
rious changes, proportions ſimilar to thoſe 
which take place between the electricity of 
calm mild rain, and that of rainy and ſtormy 
weather, and varies alſo according tothe ſeaſons. 

As rain, ſhowers, the Aurora Borealis, and 
the zodiacal light, have a tendency to appear 
for ſeveral ſucceſſive days with the ſame cha- 
raQeriſtic accidents, ſo the electricity of dew 
ſeems to haveas it were an inclination to appear 
for ſeveral evenings ſucceſſively with the ſame 
characters. 
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EXPERIMENT CLXXXVIL. 


Let the air in a well-cloſed room be electri- 
fied ; that is to ſay, the moiſture and other va- 

urs diffuſed in it: then let a bottle, filled with 
water colder than the air in the room, and in- 
ſulated on a tube of glaſs, be raiſed pretty 
high in this room. Care muſt be taken to pre- 
ſerve the inſulation. of the glaſs, with warm 
cloths. The electric ſigns that will ariſe in two 
threads ſuſpended to ſuch bottle will exactly 
repreſent the electricity of dew ; and they will 
exhibit the different manner after which this 
electricity takes place, according as the elec- 
trified vapours in the room are more or leſs 
rare; as the difference between the heat of the 
air in the room, and that of the water in the 
bottle 1s leſs or greater, and the inſulation of 
the bottle is more or leſs exact. | 

In a thunder-ſtorm Mr.. Ronayne obſerved, 
that the flaſhes would cauſe ſudden changes. 
Sometimes the electricity would be extended, 


ſometimes diminiſhed ; at other times iucreaſed, 


and ſometimes even changed to the contrary 
again, though none was perceived before ; it 
would come on ſuddenly with a flaſh of light- 

ening 
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ening. A large thunder- cloud, when it dark, 
ens the hemiſphere, does not produce ſo much 
electricity as a branch of it, or even as a com- 
mon ſhower ; that a ſtorm does not go ina 
regular current of the wind, but obliquely 
and zig-zag; viz. it rains in that region from 
whence the ſtorm ia to proceed. 


EXPERIMENTS AND OBSERVATIONS ON Aro. 
SPHERICAL ELECTRICITY, BY MR. CAVALLO. 


Theſe were principally made with an electii· 
cal kite, which will collect electricity from the 
air at any time, The power of this inſtrument 
refides in the ſtring. The beſt method of ma - 
king the ftring is by twiſting two threads of 
common twine with one of that capper thread 
which is uſed for trimming; a ſchoolboy's 
kite with this ſtring anſwers the purpoſe as well 
as any other. When a kite conſtructed in this 
manner was raiſed, Mr. Cavallo ſays he al- 
ways qbſerved the ftring to give figns of elec- 
| tricity, except once; the weather was warm, 
and the wind fo weak, that the kite was raiſed 
with difficulty, and could hardly be kept up 
for a few minutes ; afterwards, when the wind 

increaſed, 


5 
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increafed, he obtained as uſual a ſtrong: pefuire 
electricity. 

If this kite was raiſed at a time when Son 
was any probability of danger from the great 
quantity of electricity, Mr. Cavallo connected 
one end of a chain with the ſtring, and let the 
other end fall on the ground, and placed him- 
ſelf alſo on an inſulating ſtool. Except the 
kite is raiſed in a thunder- ſtorm, there is no 
great danger that the operator will receive a 
ſhock. Although he raiſed his kite hundreds 
of times without any precaution whatever, he 
ſeldom received even a few ſlight ſhocks in the 
arms. But it is not adviſeable to raiſe it while 
ſtormy clouds are overhead; This is alſo leſs 
neceflary, as the electricity of the atmoſphere 


may then be eafily obſerved by other means. 


When the kite was raiſed, he often introduced, 
the ſtring through a window into a room of the 
houſe, and faſtened it by a ſtrong filk lace to a 
heavy chair in the room, Fig. 78, A B repre- 
preſents part of the ſtring of the kite which, 
comes within the room, C the filk lace, DE a 
ſmall prime conductor, which, by means of a 
ſmall wire, is conne&ed with the ſtring of the 


kite; F a quadrant ele&rometer, fixed upon 
an inſulating ſtand, and placed near the prime, 
conductor ; Ga glaſs tube about 18 inches long, 
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gn a ball and wire of braſs, which are fixed 
to the glaſs tube. This ſmall inſtrument is uſe. 
ful to determine the quality of the electricity 
when it is not ſafe to come near the ſtring. 
This is effected by touching the ſtring with the 
wire, which takes a ſufficient quantity from it 
to aſcertain thereby the quality of the electri- 
city, either by the attraction and repulfion of 
light balls, or the appearances of the electric 
light; or it may be aſcertained by a Leyden 
phial, which will retain a charge ſor a conſider- 
able time; and then the kite need not be kept 
up any longer than is neceſſary to charge the 
phial, by which the quality will be ſhewn even 
at ſome days diſtance. 

If a charged phial is carefully kept from 
any- of thoſe means by which it is known to be 
diſcharged, it will retain its charge for a long 
time. On this principle the above-mentioned 
phial is conſtructed ; the bottle is coated in the 


uſual manner ; the uncoated part of the glaſs is . 


covered with wax, or elſe well varniſhed ; a 
glaſs tube, which 1s open at both ends, is ce- 
mented into the neck of this phial, having a 
piece of tin-foil connected with its loweſt ex- 
tremity, which touches the inſide non, electric 
coating. A glaſs handle is fixed to the ball on 
the wire which paſſes into the foregoing glaſs 

tube ; 
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tube; the wire is of a proper length to touch 
the tin-foil which is at the bottom of the tube. 
Charge this bottle in the uſual manner, and 
then take out the wire from the glaſs tube by 
means of the glaſs handle. This may be done 
without diſcharging the phial ; and, as the fire 
cannot now eſcape eaſily, the charge of a phial 
may be preſerved for many weeks. 

Fig. 80 repreſents a very fimple inſtrument 
(contrived by Mr. Cavallo) for making experi- 
ments on the electricity of the atmoſphere, and 
which, on ſeveral accounts, appears to be the 
beſt for the purpoſe. ABis a common jointed 
fiſhing rod, without the laſt or ſmalleſt joint : 


from the extremity of this rod proceeds a ſmall 


glaſs tube C, covered with ſealing- wax, a cork 
D is fixed at the end of it, from which an elec- 
trometer with pith balls is ſuſpended. H GI 
is a piece of twine faſtened. to the other extre- 
mity of the rod, and ſupported at G by a 
ſmall ſtring F G. At the end of the twine T 
a pin 1s faſtened, which, when puſhed into the 


cork D, renders the electrometer E uninſulated. 


When the electricity of the atmoſphere is ob- 
ſerved with this inſtrument, thruſt the pin T 
into the cork D, and hold the rod by the lower 
end A; place it out of a window at the upper 
part of the houſe, raiſing the end of the rod 
with 
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with the electrometer, ſo as to make an anpl; 
of 50 or 60 degrees with the horizon, Keep 
the inſtrument in this fituation for a few ſe. 
conds, then pull the twine at H, and the pin 
will be diſengaged from the cork D; which 
operation cauſes the ſtring to drop in the dot- 
ted ſituation K L, and leaves the electrometer 
inſulated, and electrified with an electricity 
contrary to chat of the atmoſphere. This being 
done, you may draw the electrometer into the 
room, and examine the quality of the electri- 
city, without obſtruction either from wind or 
darkneſs. | | 
Fig. 81 is an electrometer for rain, con- 
trived by Mr. Cavallo. AB CT is a ſtrong 
glaſs tube, about two feet and a half long, 
having a tin funnel D E cemented to its ex- 
tremity, which funnel defends part of the 
tube from the rain. The outſide ſurface of the 
tube from A to B is covered with ſealing - wax, 
and ſo is the part of it which is covered by the 
funnel. FD is a piece of cane round which braſs 
wires are twiſted in different directions, ſo as 
to catch the rain eaſily, and at the ſame time 
to make no reſiſtance to the wind. This piece 
of cane is fixed into the tube, and a ſmall wire 
proceeding from it goes through the tube, and 
communicates with the ſtrong wire A G, which 
is 


| 
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is thruſt into a piece of cork, faſtened to the end 
A of the tube. The end G of the wire A G is 
formed into a rihg, from which a ſenſible pith 
ball electrometer is to be ſuſpended. This 
inſtrument is faſtened to the ſide of a window 
frame, where it is ſupported by ſtrong braſs 


hooks at C B; which part of the tube is cover- 


ed with a filk lace, in order to adapt it better 
to the hooks. The part FL is out of the win- 
dow, with the end F elevated a little above the 
horizon. The remaining part of the inſtru- 
ment comes through a hole in one of the lights 
in the ſaſh, within the room, and no more of 


it touches the ſide of the window than the part 


C 3. When it rains, eſpecially in paſſing 
ſhowers, this inſtrument is frequently electri- 
fied; and by the divergence of the electrome- 
ter, the quantity and quality of the rain may 
be obſerved without any danger of a miſtake. 
With this inſtrument, in rainy weather, Mr. 
Cavallo has been able to charge a ſmall coated 


phial at the wire AG. It ſhould be fixed in 


ſuch a manner that it may be eaſily taken off 
from the window, and replaced again, as oc- 
caſion requires; asirwill be neceſſary to clean 
it often, particularly when a ſhower of rain is 


approaching. 
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DESCRIPTION or A .SMALL - PORTABLE ATM0- 
SPHERICAL ELECTROMETER, INVENTED Bx 
MR. CAVALLO« 


The principal part of this inſtrument is a glaſs 
tube C D MN, cemented at the bottom into 
the braſs piece A B, by which part the inſtru- 
ment is to be held when uſed for the atmo- 
ſphere; and it alſo ſerves to ſcrew the inſtru- 
ment into its braſs caſe A B O, fig. 76. The 
upper part of the tube C D MN is ſhaped ta- 
pering to a ſmall extremity, which is intirely 
covered with ſealing-wax; into this tapering 
part a ſmall tube is cemented; the lower ex- 
tremity, being alſo covered with ſealing-wax, 
projects a ſmall way within the tube C D MN; 
into this ſmaller tube wire is cemented, which, 
with its under extremity, touches the flat piece 
of ivory H, faſtened to the tube by means of a 


cork ; the upper extremity of the wire projects 


about a quarter of an inch above the tube, and 
ſcrews into the braſs cap E F, which cap 1s 
open at the bottom, and ſerves to defend the 
waxed part of the inſtrument from the rain, 

&c. 
IM and K N are two narrow flips of tin- 
foil, ſtuck to the inſide of the glaſs C D MN, 
and 
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and communicating with the braſs bottom A B. 
They ſerve to convey that electrieity which, 
when the balls touch the glaſs, is communi- 
cated to it, and, being accumulated, might 
diſturb the free motion of the balls. 

To uſe this inſtrument for artificial electri- 
city, electrify the braſs cap by an ele&rified 
ſubſtance, and the divergence or convergence 
of the balls of the electrometer, at the approach 
of an excited electric, will ſhew the quality 
of the e lecttieity. The beſt manner to electrify 
this inſtrument is to bring excited wax ſo feat 
the cap that one or both of the corks may 
touch the fide of the bottle CDMN, after 
which they will ſoon collapſe and appear un⸗ 
electrified. If now the wax is removed, they 
will again diverge, and remain electrified Po- 
ſitively. 

When this electrometer is to be uſed to try 
the electricity of the fogs, air, clouds, &c. 
the obſerver is to do nothing more than to un- 
ſcrew it from its caſe, and hold it by the bot- 
tom A B to preſent it to the air a little above 
his head, ſo that he may conveniently ſee the 
balls P, which will immediately diverge if 
there is any eleQricity; 1. e. whether poſitive 
Or negative may be-aſcettained, by bringing an 
| = | excited 
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excited piece of ſealing-wax or other eleQtic 
towards the braſs cap E F, 


GENERAL LAWS DEDUCED FROM THE EXPER1- 
MENTS PERFORMED WITH THE ELECTRICAL 
| Kirns. 


1. The air appears to be electrified at all 
times. Its electricity is conſtantly poſitive, and 
much ſtronger in froſty than in warm weather; 
but it is by no means leſs in the night than i 
the day time. 

2. The preſence of the clouds generally 
leſſens the electricity of the kite: ſometime 
it has no effect upon it, and it very ſeldom in. 
creaſes r. 

3. When it rains the electricity of hy kite 
is generally negative, and ſeldom poſitive. 

4. The Aurora Borealis ſeems not to affect 
the electricity of the kite. 

5. The electrical ſpark taken from the 
ſtring of the kite, or from any inſulated con- 
ductor connected with it, eſpecially when it 
does not rain, is ſeldom longer than a quarter 
of an inch, but it is exceedingly pungent: 
When the index of the electrometer is not 

higher 
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higher than 20% the perſon who takes the 
ſpark will feel the effects of it in his legs; it ap- 
pears more like the diſcharge of an electric jar; 
than the ſpark taken from the prime conductor 
of an electrical machine. ar 
6. The electricity of the kite is in general 
ſtronger or weaker, according as the ſtring is 
longer or ſhorter ; but it does not keep any ex- 


ric 


Al 


al :& proportion to it. For inſtance; the elee- 
and tricity brought down by a ſtring of a hundred 
aer; yards may raiſe the index of the electrometer 
nin 


to 209, when with double that length of ſtring: 
the index of the ele&rometer will not go 
rally higher than 25%. 
ines 7. When the weather is n 6 and the elec- 
n in- tricity is pretty ſtrong, the index of the elec- 
trometer, after taking a ſpark from the ſtring, 
kite or preſenting the knob of a coated phial to it, 
riſes ſurprizingly quick to its uſual place, but 
affect I in dry or warm weather it riſes exccedingly 
low. | 

It appears, from the obſervations which have 
been made on the electricity of the atmoſphere; 
that nature makes great uſe of this fluid in pro- 
moting vegetation: 

1: In the ſpring, when plants begin to grow, 
then temporary electrical clouds begin to aps 
pear, and pour forth electric rain. The elec- 

Si tricity 
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tricity of the clouds and of the rain continue 
to increaſe till that part of the autumn in which 
the laſt fruits are gathered. 

2. It is this fluid which ſupplies common 
fire with that moiſture by the help of which it 
actuates and animates vegetation: it is the 
agent that collects the vapours, forms the 
clouds, and is then employed to diſorder and 
diſſipate them in rain. 

3. From the ſame principle may be ex- 
plained the proverb, that No watering gives the 
country ſo ſmiling a look as rain. The clouds of 
rain, by extending their electric atmoſphere to 
the plants, diſpoſe the pores of the latter to re- 
ceive with greater facility the water which is 
impregnated with this penetrating and dilating 
fluid. Befides, it is natural to fuppoſe, that 
the poſitive electricity which continually pre- 
vails in ſerene weather, will contribute to pro- 
mote vegetation, fince this has been found to 
be the effect of even artificial electricity. 
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or THE IMPERFECTIONS OF METEOROLOGY, 
so LONG AS BAROMETRICAL, THER MOME=- 
TRICAL, AND HYGROMETRICAL OBSERVA- 
TIONS ARE NOT ACCOMPANIED WITH THE 
REGULAR OBSERVATION OF THE ELECTRI- 
CITY OF THE ATMOSPHERE, OF THE ELECTRI- 
CITY OF RAIN, SNOW, MISTS, AND Ad- 
ous METEORS IN GENERAL, BY MR. 
ACHARD., 


As it is now clearly aſcertained, that elec- 
tricity is a cauſe of various meteorological 
phenomena, it is rather ſurprizing that philo- 
ſophers have not perceived the abſolute neceſ- 
ſity of joining an inſtrument by which obſerva- 
tions may be made on the electricity of the at- 
moſphere, to thoſe which indicate its weight, 
heat, and humidity. | 

Without confidering in this place the differ- 
ent proofs of the influence of electricity on me- 
teors, it will be ſufficient to remark, that we 
cannot attain to an adequate knowledge of any 
phznomena, occaſioned by the concurrence of 
various cauſes, without being acquainted with 
them all; for if any one is neglected, it will be 


abſolutely impoſſible thoroughly to explain the 


phenomena. If electricity is not the ſole cauſe 
- of 
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of ſeveral meteorological appearances, it is un. 
doubtedly concerned more or leſs in their for. 
mation; ſo that by neglecting to obſerve it, 2 
well as the barometer, &c. we loſe the fruits 
of other, even very exact, meteorological ob. 
ſervations. | 

The influence of electricity on vegetation is 
proved by a ſet of obſervations made by differ. 
ent philoſophers; but it evidently appears that 
the botanic meteorological obſervations alone 
will never be ſo uſeful as might be expected, 
till we unite thoſe made by an inſtrument which 
will indicate the electric ſtate of the atmoſphere 
to thoſe made with other inſtruments. It1 1 
owing to this cauſe, perhaps, that it is impol- 
fible to draw any conclufion from the botanical 
meteorological obſervations of Meſſrs. Gautier 
and Duhamel, which were continued from 
1751 to 1769. 


Mr. Achard has had an opportunity of mal. 


ing a few obſervations, but they were ſufficient 
to convince him of the intimate connection 
that ſubſiſts between the formation of the moſt 
part of meteors, and atmoſpherical electricity. 

To diſcover if the atmoſphere was electrical, 


he made uſe of a pair of light pith balls which 


were attached to a reſinous rod. This eiec- 


rrometer, from its ſimplicity, 1 is almoſt prefer- 
able 
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able to any other for merely diſcovering that 
electricity exiſts in the atmoſphere. 

During the month of July, 1778, Mr. 
Achard obſerved daily the electricity of the 
atmoſphere in the morning, at noon, and in the 
evening, with a pair of ſmall pith balls, which 
were placed above the roof of the houſe, above 
40 feet high, and ſufficiently diftant from 
buildings, trees, &c. During the whole time 
there was only 10 days which gave no figns of 
electricity; 17 days, including the foregoing 


10, in which he could obſerve no electricity in 


the morning, though it became very fenfible at 


noon, and was very much increaſed towards the 


ſetting of the ſun. Every other day he found 
the air electrical during the whole day, but 
always ſtrongeſt a little before ſun-ſet, a ſhort 
time after which it began again io diminiſh. 
If in ſerene weather the ſky became ſuddenly 
cloudy, the electrometer indicated continual 
changes in the electricity of the atmoſphere ; 
ſometimes increafing, then diſappearing, then 
re-appearing ; in which caſe it had generally 
changed from pofitive to negative, or vice verſa. 
In windy weather he found it difficult to ob- 
ſerve with the electrometer, on account of the 
continual motion of the balls. It ſeemed to 


vary confiderably when the air was heavy, but 


- x not 
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not windy. When the weather was very calm, 
and the ſky. without clouds, the ele&rometer 
did nat alter in the leaſt, except towards ſun-ſet, 
when it increaſed in a ſmall degree. 
It is remarkable, that in thoſe days in which 
he obſerved no electricity in the air, there waz 
no dew at night; while on the other nights, it 
fell in greater or leſs quantities. He does not 
think thoſe obſervations are ſufficient to deter. 
mine that the dew is occaſioned. by electricity, 
but it may, he thinks, be fairly inferred, that 
the elevation and fall of the dew is obſtructed 
or promoted by the electricity of the air. It 
is eaſy to point out in what manner electricity 
may produce the effect. Let us ſuppoſe the 
air to be either poſitively or negatiyely electri- 
fed, but the ſurface of the globe where we are 
not to be ſo; the aqueous and volatile parts 
of the vegetables exhaled by the rays of the 
ſun, and ſuſpended in the air, will become 
electric by communication. The air cooling 
by the abſence of the ſolar heat, will nor, after 
the ſetting of the ſun, retain the aqueous particles 
with the ſame force; and theſe being attracted 
by the non electric bodies which are on the 
ſurface of the earth, their ſuperficies will be 
covered with dew. Again, let us ſuppoſe that 
the ſurtace of the earth is electrical, but that 
the 
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che air is not electrical, and the effect will be 
fimilar to the preceding caſe, If the air and the 
earth are both electrified, but with contrary 
powers, the attraction will be ſtronger and the 
dew more abundant, but no dew will fall if they 
are both poſſeſſed of the ſame power, and in the 
ſame degree. It is known that the dew does 
not fall with the ſame facility upon all bodies, 
and that electric bodies are thoſe on which it 
falls with the greateſt abundance. This fact 
admits of an eafy explanation, if we ſuppoſe 
electricity to be the cauſe of the dew ; for the 
electric bodies do not readily receive electricity 
from the medium which ſurrounds them ; there 


| bs, therefore, always a greater difference between 
dhe electricity of the air and that of the electrics 


which are placed in it, than between the elec- 
tricity of the air and the conducting bodies 
which it envelopes. Now it is in the ratio of 
this difference that the power of electric at- 
traction acts, and conſequently theſe bodies 
ought to be coyered more abundantly with 
dew. | | 
As electricity is often, if not always, the 
cauſe of dew, no one will doubt the neceſſity 
of attending to it in the botanical meteorology, 


as every one is acquainted with the influence of 


dew on the growth of vegetables. 


In 
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In the Phil. Tranſ. for 177 3, are obſervations 
on the electricity of fogs, which prove that they 
are generally electrical. Mr. Achard has made 
ſeveral obſervations, the reſults of which corre. 
ſpond entirely with thoſe, for he conſtantly found 
that the air was more or leſs electrified by a 
fog. Twice he obſerved, that in the ſpace of 
a few minutes the fog ceaſed altogether, and 
fell in form of a fine rain; and though it was 
very thick, diſappeared in about ſeven minutes, 
It is alſo very probable that rain is occaſioned 
by electricity; and of this we ſhall be convinced, 
if we conſider the attractions and repulſions that 
the terreſtrial or atmoſpheric electricity muſt 
occaſion, as well between the ſurface of the globe 
and the vapours contained in the air, as between 
the particles of vapour which always neceſſari- 
ly tend to diſperſe or unite the aqueous particles 
which ſwim in the atmoſphere, and to * 
them nearer, or carry them farther from, the 
earth. 

Having proved the neceſſity 2 combining 
obſervations on the electricity of the atmoſphere 
with other meteorological obſervations, Mr. 
Achard proceeds to deſcribe the properties re- 
quiſite in a good atmoſpherical electrometer, 


the want of which accounts for the negle& and 


ſupineneſs of philoſophers on this ſubject. 
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NECESSARY REQUISITES IN AN ATMOSPHERICAL 

: ELECTROMETER, 

1. It ſhould be eaſy in its uſe. 

2. It ſhould not only indicate that the air is 
electrical, but in what degree. 

3. It is neceſſary that we may learn whether 
it is poſitive or negative. 

4. That the obſerver ſhould be in no danger 
in ſtormy weather, 

5. That it be portable, 

The number of difficulties which oppoſe the 
conſtruction of an inſtrument which will unite 
all theſe advantages are very conſiderable. 
The greateſt is to inſulate the metal which re- 
ceives the electricity from the air, ſo that rain 
may not eſtabliſh a communication between it 
and the earth, and that the inſulation is ſuffi- 
ciently perfect to prevent too quick a diſſipation 
of the electricity received by the metal. Mr. 
Achard does not pretend that he has ſurmounted 
all theſe difficulties, but after ſeveral trials he 
has contrived an inſtrument ſufficiently port- 
able, eaſy to obſerve with, and that without 
danger. 
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DESCRIPTION OF THE PORTABLE ATMOSPHERI- 
CAL ELECTROMETER, CONTRIVED FOR THz 
PURPOSES ALREADY MENTIONED, 


This inſtrument is compoſed of a hollow and 
truncated cone of tin, whoſe upper end is open, 
and which is cloſed at bottom by a plate of the 
ſame metal. This plate is covered, in the in- 
fide of the cone, with a layer of roſin two 
inches thick : to the lower ſurface of this layer 


of roſin a tube of tin is cemented, which, 
when it is placed on a wooden pedeſtal, ſup- 


baſe is horizontal, and turned downwards ; the 
roſin inſulates the cone perfectly, and, when 
the latter becomes electric, prevents the loſs of 
its electricity by tranſmiſſion. The cone muſt 
be high enough, and its inferior baſe muſt ex- 
ceed far enough, in diameter, its ſuperior ex- 
tremity, to prevent the rain, even though it 
ſhould fall in an oblique direction, from wetting, 
either in its fall, or by rebounding from the 
pedeſtal, the lower ſurface of the roſin- layer, 
with which the bottom of the truncated cone 1s 
internally covered : otherwiſe the cone would 
ceale to be. inſulated, and the electrometer 
would be changed into a conductor. On the 
; truncated 


ports the cone in ſuch a manner, that the great 
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truncated part of the cone Mr. Achard faſtens 
a ſquare iron branch, on which he places a 
thermometer and two electrometers; the one 
very light, and thus capable of being ſet in mo- 
tion by ſmall degrees of electricity; the other 
heavier, and which, conſequently, only riſes 
when the electricity becomes too ſtrong to be 
meaſured by the light electrometer. Beſides 
theſe two electrometers, Mr. Achard tied to the 
iron bar a thread, which indicates, by its riſing, 
the ſmalleſt degrees of electricity: the whole 
is incloſed in a receiver of glaſs, open above 
and below ; the baſe of this receiver is alſo 
inſulated with rofin, that it may not derive any 
electricity from the tin cone; the remaining 
ſpace of the upper part of the receiver, between 
the bar of metal, which paſſes through it, and 
the glaſs, is likewiſe filled with roſin, to pre- 
vent the communication of electricity to the re- 
ceiver ; to preſerve this roſin from rain, which, 
by moiſtening it, would form a communica- 
tion between the receiver and the bar, it is 
covered over with a glaſs funnel, through which 
the bar-paſſes, and which hinders the rain from 
falling on the roſin. This receiver is alſo in- 


diſpenſably neceſſary to prevent the action of 


the wind upon the electrometers, which would 
render the accurate obſervation of them impoſ- 


ſible. 
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fible. At the end of the metal bar, which paſſe 
through the receiver, hollow tin pipes may be 
placed, of a ſmall diameter, to render them ag 
light as poſſible, and they may be raiſed to the 
height of 10, 20, or 3o feet. The upper end 
of the pipe terminates in an iron point, extreme- 
ly ſharp and well gilt; the gilding is neceſſary 
to hinder the point, which muſt be always even 
and ſmooth, from contracting ruſt. With re- 
ſpect to the elevation that it may be proper to 
give to the tin- pipe, this muſt vary with the 
height of the buildings or trees 1n the differ- 
ent places where obſervations are made; for the 
height of the pipe muſt always exceed, at leaſt 
by ſix feet, the elevation of all the bodies that 
are near it. Mr. Achard joins a thermome- 
ter to this machine, which may be obſerved at 
the ſame time, and be the means, perhaps, of 
diſcovering the relations, if any there be, be- 
tween electricity and the temperature of the 
air. A barometer and hygrometer may, with 
facility, be added to this inſtrument for the 
ſame purpoſe. | 

In order to know whether the electricity of 
the air be poſitive or negative, Mr. Achard 
ſuſpends a ball of cork, by a linen thread, on 
the wire which communicates with the iron 


bar, and which paſſes through the roſin, with 
Which 
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which the baſe of the truncated cone is covered. - 


The wire muſt be of ſuch a length, that bodies 
poſitively or negatively electrical may be com- 
modiouſly brought near the cork-ball, which 
is ſuſpended on it; and it is according as theſe 
bodies attract or repel the ball, that the obſer- 
yer learns whether the electricity which the in- 
ſtrument has received from the air, be poſitive 

or negative. | 
That the obſerver may be in no danger from 
ſudden accumulations of electricity, which ſome- 
times happen, Mr. Achard faſtens to the baſe of 
the pedeſtal an iron bar, which not only com- 
municates with, but even enters into, the ground, 
ſeveral feet deep. This bar, whoſe upper 
part terminates in a round knob or ball, muft 
be only at the diftance of an inch from the 
cone, When the electrical fluid is ſo accumu- 
lated that the inſtrument can no longer contain 
it, it will diſcharge itfelt againſt this metal bar, 
which will conduct it under ground. The fame 
thing would happen, if the lightning fell upon 
the inſtrument, and the obſerver would be in 
no ſort of danger, even at the diſtance of a few 
feet. When the inſtrument is placed in a gar- 
den, this method of forming a communication 
with the ground is ſubject to no inconveniency ; 
but if it ſhould be judged proper to employ 
the 
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the inſtrument in a houſe, (which may be doe 
by making the tin pipe paſs through a hole in 
the roof, and placing the inſtrument in a gar- 
ret) the manner above-mentioned of forming 
its communication with the earth would not be 
ſo eaſily executed: in this caſe, the communi- 
cation muſt be effected by means of a bar of 
metal.deſcending from the garret to a depth of 
ſome feet under ground; and for greater ſecu- 
rity againſt the too great proximity of a thun- 
der-ſtorm, it would be proper to place the me- 
tallic bar in contact with the cone of tin: thus 
the inſtrument would become a real conductor, 
which, inſtead of expoſing the houſe to danger, 
would, on the contrary, preſerve it from all the 

accidents that are occaſioned by lightning. 
When the . inſtrument is placed in a garret, 
or on the platform of a houſe, no inconvenience 
is to be apprehended: from aſcending dews ; 
but when it is placed in a garden, the dew ad- 
heres to the roſin which covers the truncated 
baſe of the cone, and forming thus a commu- 
nication between the cone and. the earth, makes 
the inſtrument loſe the eleQricity with which it 
may have been charged. To prevent this acci- 
dent, it is neceſſary to pave the ground on which 
the inſtrument is placed, and THAT in ſuch a 
manner, that the pavement may extend itſelf 
on 


on all 
circun 
the rif 
the ro 
de thu 
Wh 
comm 
which 
forma! 
by the 
air, by 
the at 
ſnow, 
electri 
of gre 
actly t 
conſtr! 
ver bo 
1s con 
at the 
on a p 
ed to 1 
center 
Mr. A 
ball ; 
plaſs 1 
at the 
Which 


BR GS EESSSHE 289 


on all ſides, at leaſt two or three feet beyond the 
circumference of the lower baſe of the cone: 
the riſing of the dew, which by adhering to 
the roſin might damage the inſtrument, will 
de thus effectually prevented. 

When the air is electrical, it muſt neceſſarily 
communicate its electricity to the vapours 
which it contains. This is evident from the 
formation of lightning, which is not produced 
by the diſcharge of the electrical matter of the 
air, but by that of the vapours which float in 
the atmoſphere. Hence it follows, that rain, 
ſnow, hail, miſt, and dew, muſt be very often 
electric. As it appears to Mr. Achard a matter 
of great conſequence to know and obſerve ex- 
atly the electricity of thoſe meteors, he has 
conſtructed a machine that is adapted to diſeo- 
ver both its nature and degree. This machine 
s compoſed of a truncated tin cone, cloſed 
at the top, open at bottom, and inſulated up- 
on a pedeſtal, like that of the machine employ- 
ed to meaſure the electricity of the ait. In the 
center of the upper truncated part of the cone, 
Mr. Achard fixes an iron bar terminated by a 
ball; he covers the whole with an inſulated 
plaſs receiver, high enough to have its ſummit 


at the diſtance of three inches from the ball! 


which terminates the iron bar, to which he 
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faſtens a very SENSIBLE electrometer, and alſo, 
linen thread to diſcover the ſmalleſt degrees of 
electricity. As this inſtrument is but little 
elevated, and has no pointed extremity, it is 
not eaſily charged with the electricity of the 
air, which at ſuch a degree of proximity to the 
earth is always imperceptible ; but rain, ſnow, 
hail, miſt, and dew, if they are electrical, will 
render it alſo electrical by falling upon the 
cone ; the degree of electricity is aſcertained by 
the electrometer, which is under the receiver; 
and in order to know whether it be poſitive or 
negative, the obſerver has only to employ the 
method indicated above, in our account of the 
inſtrument uſed to meaſure the electricity of the 
air. Beſides the uſe of this inſtrument in di- 
covering the electricity of aqueous meteors, it 
may ſtill ſerve farther purpoſes: it may be 
highly uſeful to compare it with the atmoſphe- 
rical electrometer, in order to diſcern the true 
principle of the electricity with which it ö 
charged, and to ſee whether it proceeds imme- 
diately from the air, or from the heterogeneous 
bodies that are ſuſpended in the atmoſphere; 
for the atmoſpherical electrometer may allo be. 
come electrical by rain, ſnow, hail, or mil; 
and the comparing theſe two inſtruments is tht 


only method that occurs to Mr. Achard b. 
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which we can know, whether it receives its elec- 
tricity directly from the air, or by the interven- 
tion of bodies (indued with a conpucTiINnG power) 
which are diffuſed in it. If, during rain, hail, 
ſnow, or miſt, the atmoſpherical electrometer is 
ELECTRICAL, While THAT which indicates the 
electricity of aqueous moteors is NOT so, we may 
conclude, with certainty, that the electricity of 
the former proceeds only from the air; if, on 
the contrary, they are both electrical, it muſt 
then be inquired, whether they be ſo in the 
fame degree; if this be the cafe, it is only to 
the rain or ſnow, &c. that the electricity muſt 
be attributed. I need not obſerve (concludes 
Mr. Achard) that when there is neither rain, 
fnow, hail, or miſt, the atmoſpherical electro- 
meter will always indicate the electricity of 
the air. 
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CHAP XIII. 


ON THE DIFFUSION AND SUBDIVISIONS or 
-FLUIDS BY ELECTRICITY. 


LT TL TE are chiefly indebted to the Abbe Nol- 
let for what is known on the ſubje& 
of this chapter, which was inveſtigated by him 
with incredible induſtry and patience. I hay: 
only ſubjoined the principal reſult of his ex- 
periments, and muſt refer the reader, for 
more ample account, to the Abbe's own writ- 
ings, or Dr, Prieſtley's Hiſtory of Electricity. 
Electricity augments the natural evaporation 
of fluids; fince, excepting mercury and oil, 
all the others which were tried ſuffered a dimi- 
nution that could not be aſcribed to any other 
cauſe than electricity. 

It increaſes the evaporation of thoſe fluids 
moſt which naturally tend to evaporate rea- 
dily. Volatile ſpirits of ſal-ammoniac loſt more 
than ſpirits of wine, this more than wate!, 
&c. | 
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Electricity acts ſtrongeſt upon the fluids when 

the veſſels which contain them are non- electrics. 
The evaporation was greateſt in the moſt open 
veſſels, but did not increaſe in proportion to 
their apertures. It does not make any liquor 
evaporate through the pores either of metal or 
glaſs. ; 
To extend theſe principles further, the Abbe 
made a great variety of experiments on elec- 
trified capillary tubes, and found, that the 
ſtream would be ſub-divided, but it is not ſen- 
ſibly accelerated, if the tube is not leſs than 
one tenth of an inch diameter in the inſide. 

Under this diameter, if the tube is wide 
enough to let the fluid run in a ſtream, electri- 
city will accelerate its motion in a ſmall de- 
gree. 

If the tube is ſo far capillary that the water 
only iſſues from it in drops, the electrified jet 
becomes a continued ſtream; it will even be 
divided into ſeveral ſmaller ones, and its mo- 
tion is conſiderably accelerated; the ſmaller 
the diameter of the tube, the greater is the ac-- 
celeration. When the ſurface is wider than one 
tenth of an inch, electricity ſeems rather to re- 
tard the motion of the fluid. 

From ſome very accurate experiments made 
by Mr. de Sauſſure with his new hygrometer, 
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it appears, that the foregoing theory, which af. 
ſerts that electricity always promotes evaporz. 
tion, is only true under certain reſtrictions. It 
increaſes the evaporation from thoſe bodies 
which are ſuperſaturated, but does not occa- 
ſion any evaporation in thoſe which do not con. 
tain a ſuperabounding quantity of water, 


EXPERIMENT CLIXXVIII. 


Fig. 77 repreſents a metal phial, to which 
a capillary tube is adapted, which will only 
permit water to paſs through it in interrupted 
drops. Fill the pail with water, and ſuſpend 
it from the prime conductor, then turn the cy- 
linder, and the water will paſs through the 
tube in a continued ſtream ; this will ſeparate 
into other ftreams, that will appear luminous 
in the dark. | 


EXPERIMENT CLXAXXIX. 


Suſpend one pail from a poſitive conduQtor, 
and another from a negative one, ſo that the end 
of the tubes may be about three or four inches 


from each other, and the ſtream proceeding 
from 


eap 


cor, 
end 
ches 
ling 
rom 


erase age 


from one will be attracted by that which iſſues 
ſrom the 'other, and form one ſtream, which 
will be luminous in the dark. | 

If the pails are ſuſpended on two pofitive, or 
two negative conductors, the ſtreams will re- 
cede from each other, 


EXPERIMENT CXC. 


Place a metal baſon on an inſulating ſtand, 
and connect it with the prime conductor; then 
pour a ſmall ſtream of water into the baſon, 
which in the dark will have a beautiful appear- 
ance, as the ſtream will be divided into a great 


number of lucid drops. 


EXPERIMENT excl. 


Dip a ſponge in water, and then ſuſpend it 
from the conductor: the water, which before 
only dropped from it, will now fall faſt, and 
appear in the dark like fiery rain. 


KS XPERIMENM TT eie. 


Hold a pail, which is furniſhed with ſeveral 
eapillary tubes placed in various directions, 
U 4 near 
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near an ele&rified conductor, and the water 
will ſtream out of thoſe jets near the conductor, 
while it will only drop at intervals from thoſe 
which are oppoſite to it. 


EXPERIMENT CXCIIH 


The knob of a charged jar will attract a drop 
of water from a ſaucer, &c. This drop, the 
moment the bottle is removed from the ſaucer, 
aſſumes a conical ſhape, and if it is brought 
near any conducting ſubſtance, it is driven for- 
cibly away in ſmall ſtreams, which are lumi- 
nous in the dark. 

It appears by this experiment, that the elec- 
tric fire not only tends to ſeparate the particles 
of water and to diſſipate them into vapour as 
common fire, but that it effects this with ur- 
common rapidity. 


EXPERIMENT CXCIV, 


Diſcharge a battery through adrop of water, 
previouſly placed on the knob of one of its 
bottles; the whole will be inſtantly exploded 
into vapour; the ſparks will be much longer 
than common, and more compact, 
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Beccaria obſerves, that by ſending a diſ- 
charge to a greater or leſs diſtance, through one 
or more drops of quickfilver, the diſcharge 
diffuſes itſelf into drops, and drives them into 
vapour; part of it riſing into the air in the 
form of ſmoke, the other part remains on the 
glaſs. | 


EXPERIMENT CXCV. 


A drop of water hanging from the conden- 
ſing ball of an electrified conductor, will ſtretch 
towards water placed in a cup under it, length- 
ening and ſhortening itſelf according to the 
force of the electricity. 


EXPERIMENT CXCVI, 


Place a drop of water on the prime conduc- 
tor, turn the machine, and long zig-zag ſparks 
may be taken from it; the drop will take a co- 
nical figure; the body that receives the ſpark 
will be wetted, and the ſpark will be confider- 
ably longer than can be obtained from the 
conductor without the water,* 


* Nicholſon's Introduction to Philoſophy. 
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EXPERIMENT CXCVIL, 


Stick a piece of ſealing-wax on the conductor, 
in ſuch a manner that it may be eaſily ſet on 
fire by a taper ; while it is flaming turn the cy. 
linder, the wax will become pointed and ſhoot 


out an almoſt inviſible thread into the air, to 


the length of a yard and more. If the fila- 
ments that are thrown out by the wax are re- 
ceived on a ſheet of paper, the paper will be 
covered by them in a very curious manner, and 
the particles of the wax will be ſo far ſub-di- 
vided as to reſemble fine cotton. To faſtey the 
piece of wax conveniently to the conduQor, 


ſtick it firſt on a ſmall piece of paper, then 


twiſt the end of the paper ſo as to fit one of the 
holes which are made in the prime conductor; 
when it is thus placed, it may be readily fired 
by a taper. | 


EXPERIMENT CXCVIIR, 


Inſulate a fountain made by condenſed air, 
and which emits only one ſtream ; electrify the 
fountain and the ſtream will be ſeparated into 

a great 


ir, 
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a great number; theſe will diffuſe themſelves 


equally over a large ſpace of ground. By lay- 
ing a finger upon the conductor, and taking it 
off again, the operator may command either 
the fingle ſtream or the divided one, at plea- 
ſure. 


EXPERIMENT CXCIX, 


Electrify two ſmall inſulated fountains with 


the different electric powers; the ſtreams of 
both will be diſperſed into very minute parti- 
cles, which will run together at the top, and 
come down in heavy drops, like a ſhower of 
rain, 


CHAP. 
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OF THE ELECTRIC LIGHT IN VACUO. 


EXPERIMENT CC. 


"PALE a tall dry receiver, and inſert in 

the top, with cement, a wire with a 
rounded end, then exhauſt the receiver, and 
preſent the knob of the wire to the conductor, 
and every ſpark will paſs through the vacuum 
in a broad ſtream of light, viſible the whole 
length of the receiver, moving with regularity, 
unleſs it 1s ſolicited and bent out of its way by 
tome non- electric, then dividing itſelf into a 
variety of beautiful rivulets, which are conti- 
nually dividing and uniting in a moſt pleafing 


manner. If the veſſel is graſped by the hand, 


at every ſpark a pulſation is felt, like that of 
an artery, and the fire bends itfelf towards the 
hand. This pulſation is even felt at ſome 
diſtance from the receiver, and in the dark, a 
light is ſeen between the hands and the glaſs. 
The ſtreams of light paſs filently through the 
receiver, becauſe the air is removed by whoſe 
vibration ſound is produced. 

| From 


Fron 
ſince b 
pump 
{mall « 
terial « 
duced 


air wa 


pump 
no ele 
letting 
electri 
little 1 
decre: 
on ad! 
- 
certai 
occaſ 


Fi 
ſtand 
elect 
elect 
the ſ 
be 1] 
the 


EDEE CMV IC I: 301 


From ſome experiments made ſeveral years 
fince by Mr. Wilſon, with an excellent air- 
pump of Mr. Smeaton, he obſerved, that very 
ſmall differences of air occaſioned very ma- 
terial differences in the luminous effects pro- 
duced by the electric fluid; for when: all the 
air was taken out of the receiver, which this 
pump at that time was capable of extracting, 


1 no electric light was viſible in the dark. Upon 
1 letting 1n a little air by a ſtop-cock, a faint 
electric light was viſible, and by letting in a 
; little more air increaſed the light, which again 
decreaſed on letting in more air; till at laſt, 
on admitting great quantities, it intirely vaniſh- 
| ed. By this experiment it appeared, that a 
certain limited quantity of air was neceſſary to 


| occaſion the greateſt luminous effect. 


EXPERIMENT cer. 


Fig. 82 repreſents an exhauſted receiver, 
ſtanding on the plate of an air-pump, à 6 an 
electrified wire diſcharging a ſtream bc of the 
electric fluid on the plate of the air-pump. If 
the ſtratum of air on the outſide of the receiver 
be leſſened by the application of the finger to 


the receiver, and by this means an opportunity 
be 
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be given to the fluid on the outſide to eſcape, 
the fluid within will be impelled to that part, 
as at def. It has been inferred from this ex- 
periment, that no repulſive power exiſts between 
the particles of the electric fluid; becauſe, if it 
was in itſelf really elaſtic, or endowed with a 
repulſive power of its own, it is not probable it 
could paſs in an uninterrupted ſtream, as at bc, 
when the reſiſtance was taken off ; it would then 
ſpread wider, and diſplay its elaſtic power. 

It is more confiſtent, ſays Dr. Watſon, to 
ſuppoſe, that the repulſion of theſe particles 


which is ſeen in the open air, is occaſioned by 


the reſiſtance of the air, and not to any natural 
tendency of the electricity itſelf, 

By conſidering the experiments made with the 
electric fluid IN vacuo, we attain a clear idea of 
the reſiſtance the air continually makes to its 
paſſage, and ſee that the divergence of its rays 
is not to be attributed to an imaginary repulſion, 
but to the reſiſtance of the ambient air, for the 
divergence ceaſes, and the rays- unite when this 
reſiſtance 1s removed, 


EXPERIMENT CCI 


Before the air was exhauſted from the receiver, 
if the wire at the top of it was electrified, a di- 
| verging 
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verging bruſb proceeded from it, about an 


inch long, but little of the fluid paſſing off, and 
even that little requiring a ſtrong impulſive 
force to puſn it forward. On exhaufting the 
receiver the following changes took place : firſt, 
the rays of the bruſh became longer; ſecondly, 
the rays diverged leſs, were fewer in number, 
and the fize of the remaining rays was increaſed; 
thirdly, they all united at laft, and formed a 
continued column of light, from the wire to the 
plate of the air purop, 

From this experiment it is clear, that the air 
is the agent by which, with the aſſiſtance of 
other electrics, we are able to communicate 
electricity on electrics, as well as non-electrics; 
for when this is removed, the fluid pervades 


the vacuum, and flies off to a conſiderable 
diſtance. 


EXPERIMENT CclII. 


To diſtinguiſh with great accuracy the chan- 
ges in the form and length of the electric 


ſpark when it is paſſing through a receiver, the 


air of which is more or leſs rarified; fix a ball 
to the rod, let another proceed from the plate 
of the air- pump; the balls are to be placed 

about 
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about one inch from each other. When the 
vacuum is good, a ſingle uniform ray, of a 
purple colour, paſſes from one ball to the other; 
but in proportion as the air is admitted, the 
ray acquires a quivering motion, which indi- 
cates that a reſiſtance to its motion then begins, 
and this interruption is followed by a diviſion of 
the ray or ſtream ; the ray now acquires a more 
vivid light; and, laſtly, it becomes the common 
ſpark, which is emitted with greater or leſs 
facility, in proportion to the power of the ma- 
chine, and the reſiſtance of the air. 


EXPERIMENT CCIV. 


Preſent 4 thin exhauſted flaſk, ſimilar to that 
repreſented at E, fig. 49, but without any coat- 


ing on the outſide, to the conductor, and the 


bottle will be luminous from end to end, and 
when taken from the conductor, will continue 
luminous, moving in various curvilinear direc- 
tions for a conſiderable time, flaſhing at inter- 
vals in a manner which very much reſembles 
the Aurora Borealis. The light may be reviv- 
ed by paſſing the flaſk through the hand. The 
ſtroke of the fluid againſt the glaſs is very ſen- 
ſibly heard and felt in this experiment. 
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The flexuous motions of the electric fluid in 
an exhauſted receiver may, in ſome degree, 
be produced at pleaſure, By wetting the out- 
fde of the receiver, the fire will follow the di- 
rection of the wetted line, as the reſiſtance is 
now lefſened on one fide ; and the fire can ad- 
here and accumulate itſelf on the inſide of the 
receiver, becauſe, by means of the dampneſs, 
it can expel a portion from the outſide, 

This experiment may be exhibited. very 
pleafingly, by making a Torricellian vacuum in 
a glaſs tube about three feet long, and then 
ſcaled hermetically. Hold one end of this tube 
in the hand, and apply the other, to the con- 
ductor, and immediately the whole tube will 
be illuminated from end to end, and will con- 
inue ſo for a conſiderable time after it is re-. 
roved from the conductor, flaſhing at intervals. 
ſor many hours. 


EXPERIMENT cev. 


derew on a ball, of about an inch diameter, 
o the rod of the plate of the collar of leather 
of an air pump; place this on a tall receiver; 
connect the exterior part of the rod with the 
conductor; place ſome cylindrical pieces of 
X | meta] 
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metal on the plate of the pump, then exhauff 
the receiver in part, and electrify the rod at 
intervals, and luminous jets of fire like ful. 
minating meteors will fly from the ball to the 
cylinders of metal. 


EXPERIMENT CCYI. 


Another beautiful appearance may be pro- 
duced in the dark, by inſerting a ſmall Leyden 
phial into the neck of a tall receiver, ſo that 
the outward coating may be expoſed to the 
'vacuum. Exhauſt the receiver, and then charge 
the phial, and at every ſpark which paſſes from 
the conductor to the infide, a flaſh of light is 
ſeen to dart from every part of the external 
ſurface of the jar, ſo as to fill the receiver, 
Upon making the diſcharge, the light is ſeen 
to return in a cloſe body. | 


e 

A very perfect vacuum for the paſſage of the 
electric fluid may be made by a double barome- 
ter, or long bent tube of glaſs filled with met. 
cury and inverted, each leg ſtanding in a baſon 
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of mercury ; the bent part of the tube above 
the mercury forms a compleat vacuum. If a 
bottle is diſcharged through this ſpace, the 
light appears uniform through the whole ſpace, 
but is moſt vivid when the diſcharges are ſtrong. 
Dr. Watſon inſulated this apparatus, and then 
made one of the baſons of mercury communi- 
cate with the conductor, and touched the other 
with a non- electric; the electric fluid pervaded 
the vacuum in a continued flame, without any 
divergence : when one of the baſons was 
connected with the inſulated cuſhion, the fire 


appeared to pervade the vacuum in a different 
direction. | 


EXPERIMENT ccyviII. 


Fig. 83 repreſents a glaſs tube, ſuch as is 
generally uſed for barometers; on the end & a 
ſteel cap is cemented, from which a wire and 
ball cd proceed into the tube. Fill this tube 
"th quickfilver, and then, by ſending up a 
arge bubble of air, and repeatedly inverting 
the tube, free the quickſilver and iron ball 
om air, according to the ordinary mode of 
illing barometers ; then place a ſmall drop of 
ther on the quickſilver, and put the finger on 
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the end of the glaſs tube, invert the tube, 
and then inſert the end F in a baſon of quick. 
filver, taking care not to remove the finger 
from the end of the tube, till the end is im. 
merged half an inch under the ſilver. When 
the finger is removed, the quickſilver will de. 
ſcend, and the æther wilt expand itſelf, leſſen 
the vacuum, and depreſs the mercury in the 
tube; now: preſent the metallic top of the 
tube to a large charged conductor, aft x 
beautiful green ſpark will paſs from the ball 
to the quiekfilves. By admitting a ſmall 
quantity of air into. the vacuum, an appear- 
ance ſomething. fimilar to a falling ſtar is ob- 
tained. I am indebted for this valuable ex. 


periment to Mr. Morgan, of the Equitable 
Aſſurance Office. 


EXPERIMENT CCIX, 


Place the braſs cap of a well exhauſted re- 
ceiver, at about half an inch from the prime 
conductor, ſo that when the machine 1s in 
action, ſparks may paſs from the conductor to 
the braſs cap of the receiver. Mr. Cavallo, 
in relating the circumſtances attending an ex- 


periment of this kind made by him, obſerves 
that 
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that when the receiver was exhauſted, the park 
paſſed from the cap to the plate of the 
pump through the receiver, illuminating its 
whole cavity; that the vacuum became 2 
better conductor of electricity in proportion as 
it was more perfect, and that the electric light 
was more equally diffuſed, but it was by no 
means faint when the receiver was exhauſted 
to the utmoſt. The light changed according 
as the receiver was more or leſs exhauſted. The 
appearances were as follows. 


DEGREE OF RAREFACTION, APPEARANCESOF THE ELEC· 
AS SHEWN BY THE GAGE. TRIC LIGHT WITHIN THE 
RECEIVER. 


Light in large, long, 


but divided ſtreams. 
Fine diffuſed light of 


Air rarified 40 times. 


oy a white colour. 
80 
inclining to red or 
atk: purple, and filling 
400 


the whole receiver. 
A diffuſed light fil- 

led equally the re- 

ceiver; it had hardly 
any reddiſh hue *. 


* Phil. Tranſ. vol, Ixxiii. part ii. p. 451. 
1 See 


Beautiful diffuſed light 
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When the gage ſhew- 
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See alſo. ExpERIMExT CxX1I, CXIIT, Cxxi, 
cxx11; of this Effay, for further obſervs. 
tions on the appearance of the electric light 
| IN VACUO, 
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OF MEDICAL ELECTRICITY, 


HE Abbe Nollet ſays, that he received 

more pleaſure when he diſcovered that the 
motion of fluids in capillary tubes and the in- 
ſenſible tranſpiration of animated bodies were 
augmented by electricity, than by any other 
diſcovery he had made; becauſe they ſeemed to 
promiſe ſuch abundant advantages to mankind, 
vhen properly applied by a ſkilful hand. But 
how much would this pleaſure have been aug- 
mented, if he had lived to ſee his hopes rea- 
lized, and this branch of electricity obtain the 
ſame medical certainty as the bark in inter- 
mittents ! 

It is true, that like every other ſimple me- 
dicine which has proved beneficial to mankind, 
electricity met with much oppoſition from the 
Intereſted views of ſome, and the ignorance of 
others; has been treated with contempt, and 
injured by miſplaced caution. I ſhall recom- 
mend to thoſe who thus oppoſe it, not to con- 
demn a fſubje& of which they are ignorant, 
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but to hear the cauſe before they paſs ſentence, 
to take ſome pains to underſtand the nature of 
electricity; to learn to make the electrical ma. 
chine act well, and then apply it for a fey 
weeks to ſome of thoſe diſcorders in which it has 
been adminiſtered with the greateſt ſucceſs, 
and there is no doubt but they would ſoon be 
convinced that it deſerves a diſtinguiſhed rank 


in medicine, which is the offspring of phi- 


loſophy, 

The ſcience of medicine and its practitioners 
have been reproached with the inſtability and 
fluctuations of practice; at one time cold as the 
ice at Zembla, at another hot as the Torrid 
Zone ; that they are led by faſhion, and influ- 
enced by prejudice. - On this ground it has 
been predicted, that however great the benefits 
which may be derived from electricity, it 
would ſtill only laſt for the day of faſhion, and 
then be conſigned to oblivion. I muſt confeis, 
that I cannot be of this opinion, nor eaſily led 


to think a ſet of men whoſe judgment has been 


matured by learning and experience, will ever 
neglect an agent, which probably forms the moi 


important part of our conſtitution. Electricity 


is an active principle, which is neither generated 


nor deſtroyed ; which is every where, and always 
preſent, though latent and unobſerved ; and 
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is in motian by night and day, to maintain 
an equilibrium thar is continually varying. - To 
give one inſtance; among many, it has been 
ſhewn, that the rain that deſcends in a ftorm 
is ſtrongly impregnated with electricity, and 
thus brings down what the heated vapours car- 
ried up into the air, till the deficiency of the 
earth is ſupplied from the ſuperfſuity of the 
heavens. A variety of other cauſes concur to 
vary continually the equilibrium of this fluid ; 
as the perpetual inteſtine and oſcillatory motion, 
which contributes ſo much towards carrying on 
the operations of nature. Further, if a parti - 
cular portion of this fluid is diſtributed to every 
ſubſtance, then every alteration of its capacity, 
which is continually changing by heat or cold, 
muſt move or operate on 1t. 

As heat, or fire in action is the firſt mover 
in the animal machine, and the chief active 
principle du ing its exiſtence, and as electricity 
exhibits ſo many phænomena, which cannot 
be diſtinguiſhed from thoſe of fire, we are na- 
tually led to conceive high ideas of the im- 
portance of this fluid to medicine. Though 
the vital ſtate of it is not to be eſtimated 
by the degree of heat, abſtractedly conſider- 
ed, becauſe the degree of heat only aſcer- 
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tains the quantity which is acting in a peculiar 


It is known that this vivifying principle 
haſtens the vegetation of plants. Myrtle-trees, 
which were electrified, budded ſooner than 


others of the ſame kind and ſize, and in the 
ſame green-houſe. Seeds, daily electrifed, 


have ſhot up, and grown more in three or four 


days than others of the ſame kind, and alike 


in all other circumſtances, have done in eleven 
or twelve days. In the ſame manner Mr. 
Achard has ſhewn, that it may be uſed as a 
dupplement for heat, to hatch the chickens from 
the egg. The ſuppoſition of an ingenious 
writer 1s by no means unprobable, that the ve- 
getating power which 1s operating during the 
whole year in ever-greens, may ariſe from theſe 
trees having more reſin in their compoſition 
than thoſe- whoſe leaves fall in autumn, by 


which they are enabled to attract and retain 


thoſe juices which give them their continual 


verdure, and ſupply, in ſome degree, the ab- 


ſence of ſolar heat. This may be inferred 
from their natural properties, and is confirmed 


by the ſtrong electric power poſſeſſed by their 
leaves. The ſame writer thinks, that the fluid 
collected in our electrical experiments is only 


thoſe ſolar rays that have been diſperſed in, and 
are 
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are arreſted by the earth; an idea which is 
ſtrongly corroborated by the obſervations made 
on atmoſpherical electricity, and by the de- 
ductions which have been made from the rela- 
tive affinities of fire, light and heat. 

The agency of this fluid, and its exiſtence 
in animated nature, has been fully proved by 
the experiments that have been made on the 
torpedo and the Gymnotus Electricus; for the 
ſimilitude eſtabliſhed between the electrical fluid 
of the Torpedo and that of nature at large, is 
ſuch, that, in a phyſical ſenſe, they may be 
conſidered as preciſely the ſame. Mr. Hunter 
has well obſerved, ſays Sir J. Pringle, and I 
think he is the firſt who has made the obſer - 
vation, that the magnitude and number of the 
nerves beſtowed on thoſe electric organs in pro- 
portion to their ſize, muſt appear as extraordi- 
nary as their effects; and that, if we except 
the important organs of our ſenſes, there is no 
part, even of the moſt perfect animal, which, for 
its ſize, is more liberally ſupplied with nerves than 
the Torpedo: nor yet do theſe nerves of the elec- 
tric organs ſeem neceſſary for any ſenſation that 
can belong to them: and with reſpect to action, 


Mr. Hunter obſerves, that there is no part of 


any animal, however ſtrong and conſtant its 
action may be, which enjoys ſo large a portion 
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of them. If then it be probable, that the{: 
nerves are unneceſſary for the purpoſe either of 
ſenſation or action, may we not conclude, that 
they are ſubſervient to the formation, collection, 
and management of the electric fluid? eſpe. 
cially, as it appears from Mr. Walſh's experi- 
ments, that the will of the animal commands 
the electric powers of its organs. If theſe re- 


flections are juſt, we may with ſome probabi- 


lity foretell, that no diſcovery of conſequence 
will ever be made by future phyſiologiſts con- 
cerning the nature of the nervous fluid, with- 
out acknowledging the lights they have bor- 


rowed ſtoni the experiments of Mr. Walſh 


upon the living Torpedo, and the diſſection of 
the dead animal by Mr. Hunter *. 

A variety of curious facts clearly evince, 
that the electric fire is eſſentially connected 
with the human frame, and is continually ex- 
erting its influence upon it. Add to this the 


_ eaſewithwhich the natural equilibrium isdeſtroy- 


ed, and we may readily conceive, that any alter- 
ation in the quantity or intenſity of action of 
this powerful fluid will produce correſponding 
changes in the habit or health of the body: the 


following is a remarkable inſtance of the agen- 


* Sir John Pringle's Diſcourſes, p. 84. 
cy 
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cy of the fluid in the human frame, and of the 
caſe with which it is put in action. Mr. Brydone 
mentions a lady, who, on combing her hair in 
froſty weather in the dark, had ſometimes ob- 
ſerved ſparks of fire to iſſue from it ; this made 
him think of attempting to collect the electrical 
fire from hair alone, without the affiftance of 
any other electrical apparatus. To this end, he 
deſired a young lady to ſtand on wax, and 
comb her ſiſter's hair, who was ſitting in a chair 
before her; ſoon atter ſhe had begun to comb, 
the young lady on the wax was ſurpriſed to 
find her whole body electrified, and darting out 
ſparks of fire againſt every object that ap- 
proached her. Her hair was ſtrongly electrical, 
and affected an electrometer at a conſiderable 
diſtance. He charged a metallic conductor from 
it, and in the ſpace of a few minutes collected 
a ſufficient quantity of fire, to kindle common 
ſpirits, and, by means of a ſmall jar, gave many 
ſmart ſtrokes to all the company. 

Mr. Cavallo obtained, by means of a ſmall 
condenſing plate, very ſenſible ſigns of electri- 
city from various parts of his own body, and 
the head of almoſt any other perſon. 

When the diſcoveries in this ſcience, ſays Mr. 
Brydone, are further advanced, we may find, 
that what we call ſenſibility of nerves, and ma- 
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ny other diſeaſes, which are known only by 
name, are owing to the bodies being poſſeſſed 
of too large or too ſmall a quantity of this ſubtle 
fluid, which is perhaps the vehicle of all our 
feelings. It is known, that in damp and hazy 
weather, when this fire is blunted and abſorbed 
by the humidity, its activity is leſſened, and 
what is collected is ſoon diſſipated; then our 
ſpirits are more languid, and our ſenſibility is 
leſs acute. And in the fierce wind at Naples, 
when the air ſeems totally deprived of it, the 
whole ſyſtem is unſtrung, and the nerves ſeem 
to loſe both their tenſion and elaſticity, till the 
north-weſt wind awakens the activity of the ani- 
mating power, which ſoon reſtores the tone, 
and enlivens all nature, which ſeemed to droop 
and languiſh' in its abſence: nor can this ap- 
pear ſurpriſing, if it is from the different ſtate 
of this fire in the human body, that the ſtriftum 
and laxum proceeds, and not from any alter- 
ation in the fibres themſelves, or their being 
more or leſs braced up, (among which bracers 
cold has been reckoned one) though the muſ- 
cular parts of an animal are more braced when 

they are hot, and relaxed when they are cold. 
Mr. Jalabert and Profeſſor Sauſſure, when 
paſſing the Alps, were caught among thun- 
der-clouds, and found their bodies full of 
electrical 


electri 
their 
ſenſati 
ſtrong 
dent, | 
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electrical fire; ſpontaneous flaſhes darting from 
their fingers, with a crackling noiſe, and the 
ſenſations they felt were the ſame as when 
ſtrongly electrified by art. It ſeems pretty evi- 
dent, that thoſe feelings were owing to their bo- 
dies containing too great a ſhare of electrical 
fire; and it is not improbable, that many of 
our invalids owe their feelings to the oppoſite 
cauſe. | PE 

The perpetual electricity of the atmoſphere is 
no longer a problem : the exiſtence and conti- 
nual agency of it in that maſs of air which ſur- 
rounds our globe has been aſcertained by nu- 
merous clear and deciſive experiments, and it 
ſeems by no means improper to infer, that this 
fluid cannot exiſt in the atmoſphere withour 
exerting a certain influence on all the beings 
contained in it, and principally on organized 


bodies, among which man holds the higheſt 


rank. 5 


EXPERIMENT cex. 
As 


Paſs the charge of a large jar, or battery, 
from the head to the back of a mouſe ; this, 
if the ſhock is ſufficiently ſtrong, will kill the 
animal. After its death, make the diſcharge 
in the ſame manner, and the fluid will paſs vi- 
bly 
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ſibly over the body, and not through it; evine. 
ing, that the power or medium which tranſ. 
mitted the ſhock through the animal, is loſt 
with its life. This experiment is taken from 
Mr. Cavallo's treatiſe on medical electricity 
Its importance is ſelf- evident, and it certainly 
merits a further inveſtigation, by thoſe who are 
acquainted with the animal cecnoomy, as well 
as electricity. 

The following experiment ſhews, that the 
electric fluid paſſes through that ſeries of muſ- 
cles which form the ſhorteſt paſſage for it, and 
whoſe. conducting power, or electric capacity, 
is moſt favourable to it. 


"PF BREMEND crexh 

Let A graſp a Leyden phial with his right 
hand, and touch, with a braſs rod held in his 
left hand, the naked right foot of B; let the 
left foot of B communicate by a braſs rod with 
the right foot of C; let D with his right hand 
hold the left ear of C, and touch the knob of the 
bottle with his left hand: A will feel the ſhock 
in the muſcles of the right hand and arm, of 
the thorax, and of the left hand and arm; B 
will feel the commotion in the muſcles of his 
right foot, right leg and thigh, and thoſe 
which! 
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which are connected with the left thigh, leg, 
and foot, while C will perceive it in that ſeries 
which goes from the leg to the ear by which 
he communicates with D. The action of the 
fluid on the hitman body in the ſhock; is the 
ſame when it paſſes through ſimilar parts with 
the ſamie denſity. Its action is more extenſive 
when the fire is denſeſt, and therefore moſt in- 
tenſe when it meets with any reſiſtance: 

Aſſiſted by a ſurgeon, Beccaria made ſeveral 
experiments upon the effects produced by elec- 
tricity on the muſcles in the left leg of a cock. 
The muſcles were ſtrongly contrafted when a 
ſhock was paſſed through them, and the con- 
traction was always accompanied by a ſudden 
and proportional ſwelling of the muſcles; ex- 
cepting at the part where the membrane is in- 
fried, which ſeparates one muſcle from ano- 
ther, which was always depreſſed. The mem- 


brane which inveſted that patt of the muſcle 


through which the fluid paſſed, became dry 
and wrinkled, and a vapour aroſe from that 
part; when one muſcle was contracted, a ge- 
neral contraction took place in thoſe that were 
contiguous to it, and they were a little con- 
rulſed aftet the ſhock; 

In another inſtance; where the muſcle was 
laxed and parted from the thigh, on paſſing 
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the ſhock through it the muſcle contracted it. 
ſelf, and was drawn back into its natural place, 
and could not be again diſplaced but by force, 
a circumſtance which ſtrongly manifeſts the 
power of electricity to give tone to a flaceid 
fibre. Indeed, when we conſider, fays a very 
ſenſible writer, that the muſcles have been 
brought into action by the electric fire; that it 
has rendered palſied limbs plump, and reſtored 
a power of action and motion to many, whoſe 
palſies did not ariſe from the ſpinal rmarroy: 
is it not a convincing proof, that the vital fir 
is the cauſe of muſcular motion, and that this 
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is the ſame with that which is colleQed by the This 
electrical machine *? powers | 
As the ſcience of medicine knows of no k was 
ſpecific, ſo we are not to ſuppoſe, that eledr- WM procurec 
city will triumph over every diſorder to which inch an- 
it is applied. Its ſucceſs will be more or le ¶ of eight 
extenſive, according to the diſpoſition of the ff fed the 
ſubject, and the talents of thoſe who direct it; ¶ others n 
it cannot therefore appear ſurpriſing, that many tically ; 
diſorders have been refractory to its powers, bis ele© 
and others have only yielded in a ſmall degree; ¶ traſt ſigt 
| | them at 
* Dr. Cullen fays, that Electricity, when properly #? Inches, 
plied, is one of the moſt, powerful ſtimulants that can be ſhort tir 


uſed to act upon the nervous ſyſtem of animals. 
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+ Wl or, that the progreſs of the cure has often been 
ce, MI topped by the impatience, or prejudice, of the 
ce: diſcaſed : but at the ſame time, it muſt be ac- 
knowledged, that even in its infancy, when 
it had to combat againſt fear, prejudice, and 
intereſt, its ſucceſs was truly great: we have 
ſurely then the higheſt reaſon to expect a con- 
iderable increaſe of ſucceſs, now that it is cul- 


wed WM tivated and promoted by profeſſional men of 

hoſe WM the firſt merit. 

ow: | 

fire EXPERIMENT ccxit, 

this 

7 the This experiment ſhews, that the electrie 
powers may be put in action by heat and cold. 

f no Wi it was originally made by Mr. Canton. He 

&t- WM procured ſome thin glaſs balls, of about an 

rhich inch and a half diameter, with ſtems or tubes, 


of eight or nine inches in length, and electri- 
fed them, ſome poſitively on the inſide, 
others negatively, and then ſealed them herme- 
tically ; ſoon after he applied the naked balls to 
his electrometer, and could not obſerve the 
leaſt ſigh of their being electrical; but holding 
them at the fire, at the diſtance of five or ſix 
ny ap Ml inches, they became ſtrongly electrical in a 
can be ſhort time, and more ſo when thev were cool- 
ng. Theſe balls would, every time they were 

01, Y 2 heated, 
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heated, give the electric power to, or take | 
from, other bodies, according to the plus c 
minus ſtate of it within them. Heating then 
frequently diminiſhed their power, but keeping 
one of them under water a week did not in the 
leaſt impair it. The balls retained their virye 
above ſix years. The tourmalin and may 
other precious ſtones are alſo known to acquire 
electricity by heat. The tourmalin has alway; 
at the ſame time a poſitive and negative elec- 
tricity ; one ſide of it being in one ſtate, the 
other in the oppoſite. Theſe powers may be 
excited by friction and by heat; nay, even by 
plunging it in boiling water. 


EXPERIMEN T CCXIllL 


Inſulate a ſenſible mercurial thermometer, 
and place the bulb between two balls of wood, 


one affixed to the conductor, the other com- 
municating with the ground, and the electric 
fluid, in paſſing between the two balls, will rail 
the mercury in the thermometer conſiderab)y, 
With a cylinder of about ſeven inches and 
half in diameter, the fluid paſſing from a bil 
of lignum vitz to a ball of beech, and thence 
to the ground, elevated the quickſilver in the 
thermometer from 68 to 1109, repeatedly to 
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oz. The thermometer was raiſed from 68 


" i © 852, by the fluid paſſing from a point of box 
m IT point of lignum vitæ; from 67? to 100%; 
ing om a point of box to a ball of box; from 
the 66 to 100?, from a ball of box to a braſs 
point ; from 69® to 100?, from ball to ball; 
the bulb of the thermometer covered with 
fannel. 

Mr. Morgan, in his examination of Dr. Craw- 


might be raiſed by electricity. 
The public have long expected that ſome ſyſ- 
rem of the application of Medical Electricity 


whoſe hands the chief practice has fallen, know 


eter, Wi which is not built on experience. 

bod, In a ſhort courſe of lectures which were read 
om. on this ſubject laſt winter by Mr. Birch, ſome- 
irc Wi thing like a fyftern was thrown out for the 
naue conſideration of future electricians. The appli- 
ably. Wi cxtion of electricity to medicine was divided 
and » ino three forms; namely, the fluid, the ſpark 
ball Nor friction, and the ſhock. Thie firſt mode he 
on confidered to act as a Sedative, the ſerond he 
n 


nnked under the title of a Stimulant, and the 


lat as a Deobſtruent. As the diſtinctions were 
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ford's Theory of Heat, was the firſt perſon who 
proved that the mercury in the thermometer 


would be produced; but the gentlemen into 


the fallacy of ſyſtems too well to hazard any 
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the reſult of many experiments and much obſer. 
vation, they may ſafely be adopted for the pre. 
ſent. That gentleman being now engaged in the 
practice of a great hoſpital, where his electrical 
experiments have already gained ſome reputs- 
tion, we may hope the ſcience will be more 
univerſally diffuſed, and being taught under the 
cautious eye of public ſcrutiny, we may truſ 
its merits will ſoon give it an eſtabliſhed rank 
in the art of healing. 

From hence we may perceive that in medi- 
cine, electricity is applicable to palſies, rheu. 
matiſms, intermittents ; to ſpaſm, obſtruction, 
and inflammation. In ſurgery it has conſider- 
able ſcope for action; where contractions and 
ſprains, tumours, particularly of the glandular 


ſort, waſting of the muſcles, and other incidents, 
form a catalogue of viſible diſeaſes as diſtreſ- 
ſing ta the ſight of others as to the patients 


themſelves. The gout, and the ſcrophula, ot 
king's evil, two diſeaſes which have tormented 
mankind, and been the diſgrace of medicine to 
the preſent time, are ranked among thoſe to 
which this remedy is applicable; and in the 
commencement of the complaints, I am inform- 
ed, has been wonderfully ſucceſsful. To re 
move ill- placed fits of the gout, it ſhould ſeem 
to be a more rational application than any me- 
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deine, for it applies directly to the ſeat of the 
diſeaſe, with a power and rapidity unknown in 
phyſic, and perfectly manageable at diſcretion ; 
and, as it is a remedy which applies to the 
underſtanding as well as to the feelings, I ſhould 
think it better worth the attention and con- 
templation of men of liberal education, than 
the compounding a medicine, in which they 
place little faith, or applying a plaiſter, in which 
they have none at all. 

The ſucceſs of electricity, in relieving the 
ſufferings of mankind, has been conſiderably 
promoted, and its operations rendered more 
rapid, ſenſible, and efficacious by applying it 
in different manners and quantities to the hu- 
man frame. The modes formerly uſed were 
the ſhock, ſpark, and ſometimes, though very 
ſeldom, ſimple electrification. Theſe modes are 
now varied, and their number augmented. The 


ſtream of the electric fluid may, without a ſhock, 


be made to paſs through any part of the body ; 
it may alſo be thrown upon, or extracted from 
any part, and its action in each caſe varied, by 
cauſing the fluid to paſs through materials which 
reſiſt its paſſage in different degrees; it may be 
applied to the naked integuments, or to the ſkin 
covered with different reſiſting ſubſtances; and 
is power may be rarified or condenſed, confin- 
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ed to one ſpot, or applied in a more diffuſtys Fig 
manner, at the diſcretion of the operator. are of 
THE APPARATUS NECESSARY FOR THIS PUR. jts end 
POSE is SIMPLE, AND CONSISTS OF THE F01,- convei 
LOWING ARTICLES: eye, & 
1. An electrical machine, with an inſulated the wi 
cuſhion, properly conſtructed to afford a con- its pla 
tinued and ſtrong ſtream of the electrical fluid. may E 
(The machine repreſented in the plate which held b 
faces the title- page of this Eſſay, is the kind is fart 
which Mr. Birch recommended to medical prac- taken 
titioners in his lectures.) them 
2. A ſtool with inſulating feet, or rather an 2 
arm chair fixed on a large inſulating ſtool, throu 
The inſide part of the back of the chair ſhould conve 
move on a hinge, that it may occaſionally let Fig 


down to electrify conveniently the back of the large1 
patient : the arms of the chair ſhould alſo be ſmall 


made longer than uſual, | s to 
3. A Leyden bottle with an electrometer. with 

4. A pair of large directors, with glaſs handles, cylin 
and wooden points, ing f 
5. A few glaſs tubes of different bores, ſome patie 

of them with capillary points. Fi 
To theſe may be added, an univerſal diſ- gent] 
charger on a large ſcale, a pair of ſmall direc- ment 
tors with ſilver wires, and a pair of inſulating evide 
forceps, F 


Fig. 93 
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Fig. 93 repreſents the directors; the handles 
are of glaſs. A is a braſs wire with a ball on 
its end. The wire of one is bent, for the more 
conveniently throwing the electric fluid on the 
eye, &c. The balls may be unſcrewed from 
the wires, and the wooden point B ſcrewed in 
its place, or the pointed end of the braſs. wire 
may be uſed. The directors ſhould always be 
held by that extremity of the glaſs handle which 
is fartheſt from the braſs, and care ſhould be 
taken that the heat of the hand does not make 
them moiſt, | 

L and M, fig. 84, repreſent glaſs tubes, 
through which ſmall wires are made to paſs, to 
convey the fluid directly to the ear or throat. 


Fig. 88 repreſents another glaſs tube, of a 


larger ſize, the end of which is capillary; a 


ſmall quantity of roſe water, or any other fluid, 


is to be poured into this tube; then connect it 
with the prime conductor by a wire; turn the 
cylinder, and a ſubdivided, gentle and refreth- 
ing ſtream of this fluid may be thrown on the 
patient. 

Fig. 86 repreſents the electric forceps: ſome 
gentlemen think it is a very convenient inſtru- 
ment for communicating a ſhock. Its uſe is 
evident from an inſpection of the figure. | 

Fig. 85 is the medica] bottle, furniſhed with 
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an electrometer, to limit the force of the ſhock, 
and enable the operator to give a ſucceſſive 
number of them of the ſame force. C is 2 
bent piece of glaſs, on the upper part of which 
is cemented a braſs ſocket D, furniſhed with x 
ſpring tube E; the wire F moves in this tube, 
ſo that the ball G may be ſet at a convenient 
diſtance from the ball -H. The end I of the 
bent piece of glaſs is alſo furniſhed with a ſpring 
tube, which ſlides upon the wire K, communi. 
cating with the inſide of the bottle. 

To uſe this bottle, place the ball H in con- 
tact with the conductor, or connect them to- 
gether by a wire, and then charge it in the 
uſual manner. Now, if a wire proceeds from 
the ball L to the outſide coating, the bottle 
will be diſcharged whenever the fluid has acquir- 
ed ſufficient force to paſs through the ſpace of 
air between the two balls; conſequently the 
ſhock 1s ſtronger in proportion as the diſtance 
between the two balls is increaſed. 

It is obvious, that when the electrometer is 
thus connected, it acts in the ſame manner as a 
common diſcharging rod, and forms the com- 
munication between the outſide and the inſide 
of the bottle; with this difference only, that 
the diſtance of the end which is to communicate 


with the inſide may be limited and regulated. 
It 
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It has been found more convenient, to ſepa- 
rate the electrometer from the bottle, and ap- 
ply it to the conductor: ſee in the frontiſpiece 
to this Eſſay, where a, b, repreſents the electro- 
meter, c, 4, the Leyden bottle, ſuſpended at a 
ſmall diſtance from it; a glaſs tube e, f, is fixed 
in this bottle, a ſmall part of the lower end of 
which is coated ; two wires paſs through the 
braſs ball C on the top of this tube, one of 
which goes down to the bottom of the exterior 
bottle, and touches its internal coating, the other 
only goes to the coating of the tube: theſe wires 
may be removed at pleaſure. The bottle is to be 
ſuſpended to the conductor by the ring, and a 
chain or wire is to be fixed to the hook d, at 
the bottom. 

Fig. 119, Pl. V. repreſents the bottle director 
which is hollow and coated like a common bottle, 
acting in all reſpects like one, but is convenient 
from its ſhape and ſome other circumſtances in 
giving ſmall ſhocks, | 

The handles of the directors ſhould be care- 
fully dried, as alſo the bent piece of glaſs C, 
and thoſe parts of the bottle which are above 
the coating. It is likewiſe neceſſary to preſs 
the ends of the directors againſt the part, to 
convey the ſhock more readily. 

Fig. 87 repreſents an univerſal diſcharger 
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upon a large ſcale, with a patient ſitting between 
the two pillars, one ball reſting at A, the other 
being placed at B. The convenience of this 
apparatus is obvious, from an inſpection of the 
figure; for as the joints have both an horizontal 
and vertical motion, and the wires paſs through 


two ſpring ſockets, they may therefore be placed 


in any direction, and the balls fixed in any re- 


quired ſituation. Hence, by connecting one 
wire with a poſitive conductor, and the other 


with a negative one; or one with the bottom of 
a Leyden bottle, and the other with the elec- 
tiometer; the ſhock or ſtream may be conveyed 


to any part, with the greateſt facility. It is 


alſo evident, that a perſon may, by means of the 
two joints of this ſimple apparatus, electrify 
himſelf with eaſe, (or any patient, conveniently) 


without the aſſiſtance of any other perſon ; that 


is, he may turn the machine with one hand, 
while he is receiving the fluid, or the ſhock, by 
means of this univerſal diſcharger. But this 
may alſo be readily effected, by fuſtening a 
wire to one of the conductors, and pinning the 
other end of it to one extremity of the part 
through which you intend to paſs. the ſhack; or 
convey the fluid; then connect a director with 
the other conductor, and hold it to the other 
extremity of the part. If the ſituation is ſuch 

as 
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as to occaſion the wires to touch the table, 
paſs a ſmall glaſs tube over them, which will 
prevent a diſſipation of the fire. 


ELECTRICITY MAY BE APPLIED MEDICALLY IN 
THE FOLLOWING DIFFERENT MODES. 
Firſt, By merely placing the patient in an 
inſulated chair, and connecting him with the 
prime conductor; when the machine is in action, 
he will be filled with the electric fluid, which 
will be continually diſſipated from the points 
and edges of his cloaths: and though the effects 
of this are probably too ſlow to be rendered 
very advantageous, yet, a ſedentary perſon 
might perhaps derive ſome benefit from ſitting 
in an inſulated chair, having before him an in- 
ſulated table; the chair to be connected with 
the ball of a large charged jar or battery, by 
which means a ſmall quantity of the fluid will 
be continually paſſing through thoſe innumerable 
capillary veſſels, on the right ſtate of which our 
health ſo much depends. 
2. BY THROWING THE FLUID UPON, OR EX- 
TRACTING IT FROM A PATIENT, BY MEANS or 
A WOODEN POINT. 
This may be effected in a twofold manner : 


iſt, By inſulating the patient and connecting 


him either with the cuſhion or the poſitive 
prime 
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prime conductor, the operator preſenting the 
point. 2nd, Let the patient ſtand upon the 
ground, and the wire of the director be connect. 
ed either with the poſitive or negative parts of 
the machine. The ſenſation produced by the 
fluid when acting in this manner, is mild and 
pleaſing, reſembling the ſoft breezes of a gentle 
wind; generating a genial warmth, and promot- 
Ing the ſecretion and diſſipation of tumors, in- 
flammations, &c. 


J. BY THE ELECTRIC FRICTION. 


Cover the part to be rubbed with woollen 
cloth or flannel. The patient may be ſeated in 
an inſulated chair, and rubbed with the ball of 
a director that is in contact with the conductor: 
or he may be connected with the conductor, 
and rubbed with a braſs ball which communi- 
cates with the ground. The friction thus pro- 
duced is evidently more penetrating, more ac- 
tive, and more powerful than that which is 
communicated by the fleſh bruſh ; and there 
is, I apprehend, very little fear of being 
thought too ſanguine, if I aſſert, that this, when 
uſed but for a few minutes, will be found more 
efficacious than the other, after ſeveral hours 
application.- Electricity applies here with pe- 


culiar 
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culiar propriety to ſpaſm, pleuriſy and ſome 
ſtages of the palſy, and in every caſe anſwers the 
end of bliſtering where the diſcharge is not 
wanted, being the moſt ſafe and powerful ſtimu- 
Jant we know. 


4. BY TAKING STRONG SPARKS FROM THE 
PATIENT. 


Here, as in every other caſe, the operator may 
connect the ball of the director with the poſitive 
or negative conductor, or he may connect the 
patient with either of theſe and the ball with the 
ground; now it is clear from what has been 
already laid down, that if the director be con- 
nected with the poſitive conductor, the fluid is 
thrown upon the patient, if with the cuſhion, 
the fluid is extracted from him. Let the patient 
be inſulated, and the action is in ſome meaſure 
reverſed; if he is joined to the negative con- 
ductor or cuſhion, he will receive a ſpark from 
a perſon ſtanding on the floor, but if he com- 
municates with the poſitive conductor he will 
- give the ſpark to the perſon on the ground. 
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5. BY CAUSING A CURRENT OF THE ELEC. 
TRIC FLUID TO PASS FROM ONE PART or 
THE BODY, AND THUS CONFINING AND con- 
CENTRATING ITS OPERATION WITHOUT 
COMMUNICATING THE SHOCK. 


Place the patient in an inſulated chair, and 
touch one part of the body with a director, join- 
ed to a poſitive conductor; then with a braſs ball 
communicating with the ground, touch another 
part, and when the machine is in action the 
fluid will paſs through the required part, from 
the conductor to the ball; the force of the 
ſtream will be different according to the ſtrength 
of the machine, &c. Or connect one directot 
with the cuſhion and the other with the poſi- 
tive conductor, and apply theſe to the part 
through which the fluid is to paſs, and when the 
machine is in action the electricity will paſs from 
one ball to the other. It is not neceſſary to 
inſulate the patient in this caſe. 


6. BY THE SHOCK, 


Which may be given to any part of the human 
body, by introducing that part of the body into 
che circuit which is made between the outſide 

and 
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and infide of the bottle. This is conveniently 
effeted, by connecting one director by a piece 
of wire with the electrometer, and the other 
with the outſide of the bottle; then. hold the 
directors by their glaſs handles, and apply the 
balls of them to the extremity of the parts 
through which the ſhocks are to be paſſed. 
The force of the ſhock, as we have already ob- 
ſerved, is augmented or diminiſhed by increaſ- 
ing or leſſening the diſtance between the two 
balls, which muſt be regulated by the operator 
to the ſtrength and ſenſibility of the patient, 
When the little bottle with the glaſs tube is 
uſed as a common bottle both wires are to be 
left there, and the ſhock is communicated by two 
directors, one connected with the bottom, the 
other with the top by means of the electro- 
meter. (See the plate facing the title- page of 
this eſſay). The operator will often find himſelf 
embarraſſed in giving ſmall ſhocks, the fluid 
paſſing from the conductor to the, ball of the 
cefrometer, inſtead of going through the cir- 
cuts he deſires : when this happens, which may 
be known by the chattering noiſe of the ſpark 
in paſſing to the electrometer, the reſiſtance 
ſormed to the diſcharge is ſo great that the fluid 
cannot force its way through the circuit; to 
remedy this, and leſſen the reſiſtance, pais two 
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metallic pins through the clothing, ſo tha 
they may be in contact with the ſkin, which 
will leſſen the reſiſtance and conduct the fluid. 


7. BY A SENSATION BETWEEN A SHOCK Ab 
THE SPARK, WHICH DOES NOT COMMUNI- 
CATE THAT DISAGREEABLE FEELING AT- 
TENDING THE COMMON SHOCK. 


This is effected by taking out the long vir 
from the ſmall medical, and leaving the ſhorter 
one which is connected with the tube in its 
place, the directors to be connected and uſed 
as before. In leſſening this vibratory ſhock 
the electrometer may be drawn to a much 
greater diſtance; for the rapidity with which 
the charge of the bottle ſends forward the 
charge of the tube is ſufficient to oyercome 
the reſiſtance of a large body of air. The 
effect of this ſpecies of ſhock, if it may be call- 
ed one, is to produce a great vibration in the 
muſcular fibres, without inducing that pungent 
ſenſation which the ſhock effects. It is there- 
fore applicable to ſome ſtages of palſy and rheu- 
matiſm ; it may alſo ſerve as an artificial means 
of exerciſe. 
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8. BY THE BOTTLE DIRECTOR, . 


Inſulate the patient, and place the ball g in 
contact with him, by which means this director is 
charged, Now if a wire is conveyed from the bot- 


i- ¶ tomofthis to the top of another director, the bottle 
ar. director Fig. 119, Pl. V. will be diſcharged 
whenever the ball / is brought in contact with the 
| patient, ſo that by bringing it down with rapi- 
vir BN diy any number of foarks may be procured in a 
oer minute. Or connect the inſulated patient with 
n 15 Bl the top or inſide of a large charged jar, and 
uled WY then this apparatus uſed in the foregoing man- 
hock Wi ner will diſcharge, from the large jar at each 
nuch ſpark, its own contents, and by repetition diſ- 
yhich charge the whole jar ; thus a number of ſhocks 
| the may be given without continually turning the 
1 machine or employing an aſſiſtant. 
e | 
call- 


ge r PASSING THE WHOLE*FLUID CONTAINED 
, IN THE LEYDEN PHIAL THROUGH A DISEASED 


ngent PART WITHOUT GIVING THE SHOCK. 
here- | | | 
Sag Connect a director by means of a wire, with 


neus de ball of a Leyden jar; charge the jar either 
completely or partially, and then apply the ball 

r point of the conductor to the part intended 

1 be clectrified, and the fluid which was con- 
* denſed 
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denſed in the phial will be thrown on the par 
in a denſe flow ſtream, attended with a pun- 
gent ſenſation, which produces a conſiderable 
degree of warmth. If a wire that communi. 
cates with the ground is placed oppoſite to the 
end of the director, the paſſage of the fluid wil 
be rendered more rapid, and the ſenſation 
ſtronger. Or inſulate the patient, connect him 
with the top of a jar, charge this, and then ap- 
ply a metal wire or piece of wood to the part 
through which you mean to make the fluid 
paſs. It is obvious, that in this caſe the circui 
between the inſide and the outſide of the jar i 
not completed, therefore the ſhock will not be 
felt. The condenſed fluid paſſes in a denſe 
ſlow ſtream through the required part, while 
the outſide acquires a ſufficient quantity 
from ſubſtances near it to reſtore the equi- The 
librium. | Faculty 

It is in all caſes moſt adviſable to begin wit b a par 
the more gentle operations, and proceed gri- Effcac) 
dually to increaſe the force, as the ſtrength and ſructio 
conſtitution of the patient, or the nature of Wl debted 
the diſorder requires. The ſtream from a wooden WW and pra 
point, a wooden ball, or braſs point; may be fir Wi df ele&t: 
uſed; ſparks, if neceſſary, may then be taken, Wi ined to 


or ſmall ſhocks given. p reckone 
| In 
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In rheumatic caſes, the electric friction is 
generally uſed. If tlie pains are local, ſmall 
hocks may be given. To relieve the tooth- ach, 
rery ſmall ſhocks may be paſſed through the 
tooth; or, cover the part affected with flannel, 


and rub it with a director, communicating with. 


the machine. 

In inflammations, and other diſorders of the 
eyes, the fluid ſhould be thrown from a wood- 
en point : the ſenſation here produced 1s that 
of a gentle cooling wind; but, at the ſame 
time, it generates a genial warmth in the part 
affected. 

In palſies, the electric friction and ſmall ſhocks 
are adminiſtered. Streams of the fluid ſhould 
always be made to paſs through the affected 
part. 

The only treatiſe we have yet had from the 
Faculty, on the ſubject of Medical Electricity, 
8 a pamphlet intitled, © Conſiderations on the 
Effcacy of Electricity in removing Female Ob- 
ſructions, by Mr. Birch; to whom I am in- 
debted for a variety of important obſervations 
and practical remarks on the different branches 
of electricity; and if its merits were to be con- 
ined to this diſeaſe alone, (in which it may be 
rckoned a ſpecific) it would be intitled to the 
& 1 attention 
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attention of practitioners ; but we have reaſon to 
expect much more from it, ſince the prejudice 
of the Faculty ſeem removed, and the practice 
is becoming more general every day, 
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CHAP. XVI. 


MISCELLANEOUS EXPERIMENTS AND OBSERVA- 
Ty TIONS, 
E diſpute concerning the preferable 
utility of pointed or knobbed conductors, 
for ſecuring buildings from lightening, occa- 
ſioned the ſetting up a more magnificent appara- 
tus than had ever appeared before. An immenſe 
conductor was conſtructed, at the expence of 
the Board of Ordnance, and ſuſpended in the 
Pantheon, under the direction of Mr. Wilſon. 
It conſiſted of a great number of drums, coyer- 
ed with tin-foil, which formed a cylinder of 
about 155 feet in length, and more than 16 
inches in diameter; and to this vaſt conductor 
was occaſionally added 4800 yards of wire. 
The electric blaſt trom this machine fired gun- 
powder in the moſt unfavourable circumſtan- 
ces, namely, when it was drawn off by a ſharp 
point, The method of doing it was as fol- 
lows: upon a ſtaff of baked wood a ſtem of 
brals was fixed, which terminated in an iron 
point at the top ; this point was put into the 
end of a ſmall tube of India-paper, made ſome- 
what in the form of a cartridge, about an inch 
and a quarter long, and two tenths of an inch 
in diameter, when the cartridge was. filed 
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with common gun-powder unbruiſed ; a wire, 
communicating with the earth, was then af, 
tened to the bottom of the braſs ſtem. The 
charge of the great cylinder being continually 
kept up by the motion of the wheel, the top 
of the cartridge was brought very near the 
drums, ſo that it frequently touched the tin- 
foil with which they were covered. In this ſitu- 
ation, a ſmall, faint, luminous ſtream wa 
frequently obſerved between the top of the ca- 
tridge and the metal. Sometimes this ſtream 
would fet fire to the gun-powder the moment it 
was applied; at athers, it would require half 
minute or more before it took effect. This dif- 
ference in time was ſuppoſed to be owing to 
ſome ſmall degree of moiſture in the powder, 
or the paper. 

Gun-powder may alſo be fired by a ſtream 
from a large charged Leyden jar, in the follow- 
ing manner: | 


EXPERIMENT CCXIV. 


Fix a ſmall cartridge on a metallic point, 
which is fitted to a wooden or glaſs handle; 
make a communication from the wire to the 
ground, then preſent the cartridge to the knob 
of the phial, and the gun-powder will be fired 
by the paſſage of the electric ſtream through 
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the cartridge. Tinder, or touch-wood, placed 
in a metal cup, may be lighted by paſſing 
the ſtream from the inſide of the jar through 
them, as in the foregoing experiment, without 
completing the circuit. 

As it therefore appears, that the electric fluid, 
when it moves through bodies, either with great 
rapidity, or in great quantities, will ſet them 
on fire, it is ſcarce diſputable, that this fluid is 
the ſame with the element of fire. 


EXPERIMENT CCXV, 


To fire the ſmall electrical cannon, charge it 
with gun- powder in the uſual manner, then 
fill the ivory touch-hole with gun- powder, 
ram it well down, and puſh the braſs pin down, 
ſo that the end of it may be near the bottom of 
the hole; make a communication between the 
outſide of a large charged jar or battery and 
the body of the cannon, by placing one end of 
the diſcharging rod on the pin which paſſes 
down the touch-hole, and bring the other end 
to the knob of the jar, and the diſcharge will 
fire the powder, 


E XPERIMEN T. CCXVI., 
Fig. 89 is a perſpective view of the powder- 
houſe; the ſide of the roof next the eye being 
omitted 


| 
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omitted, that the inſide may be more convenfi. 
ently ſeen. The front of this model is fitted 
up like the thunder-houſe, and is uſed in the 
ſame, manner; the ſides of the houſe, the back, 
and fore - front, are joined to the bottom by 
hinges; the rgof is divided into two partz, 


which are alſd faſtened by hinges to the ſides; 


the building is kept together by a ridge on the 


roof; when the roof is blown up, it will fall 


down with the ſides, the back, and fore-front, 
To uſe this model, fill the ſmall tube 4 with 
gun-powder, and ram the wire c a ſmall way in 
the tube, then connect the hook e with the bot 
tom of a large jar or battery; when the jar is 
charged, form a communication from the hook 
d to the top of the jar; the diſcharge will fire 
the powder, and the exploſion of the gun-powder 
will throw off the roof, and the ſides, the fore 
and back fronts will then all fall down, 
Fig. 90 repreſents a wooden pyramid, de- 
ſigned to ſhew the experiments which are made 
with the thunder-houſe, and is uſed in the 
ſame manner. When the piece à is thrown 
out by the diſcharge, the upper part of the 
pyramid falls down, 


EXPERI: 
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EXPERIMENT CCXYIL 


Fix the ladle I, fig, 33, into a hole at the 
end of the conductor. Place a broad piece of 


camphor in the ladle, ſet the upper ſurface of 


the camphor on fire, let jt burn ſome time, 
then extinguiſh it, and put the machine in ac- 
tion ; the upper ſurface of the camphor will 
throw out a variety of ſmall ſhoots, and have 
the appearance of an imperfect vegetation, which 
is ſoon diſperſed in the air if the machine is 
continued in action, but will laſt ſome time if 
the electrization is ſtopped as ſoon as the ſhoot- 
ing of the camphor has taken place, 


EXPERIMENT ccxviII. 


Wrap ſome looſe cotton, which has been pre- 
viouſly rolled in fine powder of yellow reſin, 
round one of the balls of a diſcharging rod, 
and hold the other end to the outer coating of 
a charged jar; then bring the knob with the 
reſin towards the ball of the jar, and the ex- 
ploſion will fire the reſin, and this will . 
municate the flame to the cotton. 

Fig. 91 repreſents the inflammable air lamp, 
inyented by Mr, Volta. A is a glaſs globe ta 
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contain the inflammable air, B a glaſs baſon, or 
reſervoir, to hold water; D is a cock, which is 
to form occaſionally a communication between 
the reſervoir of water B, and that of air A; 
the water paſſes into the latter through the me. 
tal pipe gg, which is fixed to the upper part 
of the reſervoir A: at q is a ſmall cock, to cut off, 
or open a communication with, the air in the 
ball, and the jet K. N is a ſmall pipe to hold 
a piece of wax taper, L a braſs pillar, on the 
top of which is a braſs ball; à is a pillar of 
glaſs, furniſhed at top with a ſocket; a wire h 
Aides in this ſocket, a ball is ſcrewed on to the 
end of the wire. Fis a cock, by which the ball A 
is filled with inflammable air, and which after- 
wards ſerves to confine the air and the water that 
falls from the baſon B into the ball A. 

To uſe this inſtrument, after having filled 
the reſervoir A with pure inflammable air, and 
the baſon with water, turn the cocks D and 
8, and the water which falls from the baſon B 


w1ll force out ſome of the inflammable air, and 


cauſe it to paſs through the jet K into the air. 
If an electric ſpark is made to paſs from the 
braſs ball m to the braſs ball u, the inflammable 
jet, which paſſes through the pipe K, will be 
fired. To extinguiſh the lamp, ſhut firſt the 
cock 8, and then the cock D. | 

To 


teren ente rx. 349 


To fill the reſervoir Aa with inflammable air, 

which is to be made in the uſual manner, and 
with the uſual apparatus, having previouſly 
filled A with water, place the foot R under 
water, on a board or ſtool in a large tub of 
water, that the bent glaſs tube, through which 
the inflammable air paſſes, may paſs commodi- 
ouſly under the foot of the lamp; when the 
air has nearly driven out all the water, turn the 
cock F, and the apparatus is ready for uſe. 
This inſtrument is convenient to preſerve a 
quantity of inflammable air ready for any oc- 
caſional experiment, as charging the inflam- 
mable air piſtol, &c. It is alſo convenient to 
light a candle for ceconomical purpoſes, as the 
ſmalleſt ſpark from an electrophorus, or a 
{mall bottle, 1s ſufficient to fire the air. 
A ſmall battery of inflammable air piſtols is 
occaſionally made, that affords conſiderable 
amuſement ; as either one piſtol, or the whole 
together, may be fired at the pleaſure of the 
operator. 

The following experiment was made by Mr. 
Kinnerſly with his electrical thermometer, which 
is deſcribed in page 42 of this Eſſay. 
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EXPERIMENT CCXIX. 


Having put ſome tinged water into the large 
tube, he placed the two wires within the tube 
in contact, and paſſed a large charge of electri- 
city from above thirty ſquare feet of coated 
glaſs, which produced no rarefaction in the air, 
and ſhewed that the wires were not heated by 
the fire paſſing through them. When the 
wires were about two inches aſunder, the charge 
of a three-pint bottle, darting from one to the 
other, rarified the air very evidently. The 
charge of a jar, which contained about five gal- 
lons and a halt, darting from wire to wire, oc- 
caſioned a very conſiderable expanſion in the 


air ; and the charge of a battery of thirty ſquare 


feet of coated glaſs would raiſe the water in 
the ſmall tube quite to the top: upon the co- 
aleſcing of the air, the column of water inſtantly 
ſubſided, till it was in equilibrio with the rare- 
fied air; then gradually deſcending as the air 

cooled, ſettled where it ſtood before. By care- 
fully obſerving at what height the deſcending 
water firſt ſtopped, the degree of rarefaction 
might be eaſily diſcovered. 
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EXPERIMENT ccxx. 


Take a glaſs tube, about four inches long, 
one quarter of an inch in diameter, and open 
at both ends; moiſten the inſide of the tube 
with oil of tartar per deliquium, then fix two 
pieces of cork into the ends of the tube, and 
paſs a wire through each cork, ſo that the ends 
of the wires which are within the tube may 
be about three quarters of an inch aſunder. 
Connect one wire with the outſide coating of a 
large jar, and form a communication from the 
other to the ball of the jar, ſo as to paſs the 
diſcharge through the tube ; repeat this ſeveral 
times and the oil of tartar will very often give 
manifeſt ſigns of cryſtalization *. 


RXPERIMENT CCXSL. 


Charge a Leyden phial, (the top of which 
is cemented into the bottle) place it upon an 
inſulated ſtand, and then take hold of it by the 
ball, and preſent the coated ſurface towards the 
condenſing ball of a prime conductor while the 


Cavallo on Medical Electricity, p. 117. 
cylinder 
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cylinder is charging, and a large bruſh and 
ſpark will paſs between the coating of the bot- 
tle and the ball of the conductor, from four to 
twelve inches and upwards in length, 


EXPERIMENT CCXkxlt. 


Take ſome of the powder of Canton's phoſ- 
phorus, and by means of a little ſpirit of wine, 
ſtick it all over the inſide of a clean glaſs phial, 
then ſtop the bottle, and keep it from the light. 
To illuminate this phoſphorus, draw ſeveral 
ſtrong ſparks from the conductor, keeping the 
phial about two or three inches from the ſparks, 
ſo that it may be expoſed to their light ; the 
phial will afterwards appear luminous, and re- 
main ſo for a conſiderable time. 


EXPERIMENT ec. 


Cut out in paſteboard or ſoft wood, the 
figure of a creſcent or any of the planets ; cover 
this equally with the white of an egg beat up 
till it is quite ſmooth, over which ſift the 
phoſphorus through a fine lawn fieve, then 
let it dry, and blow off all that is not fixed 


by the egg. . To make the experiment, place 
the 


E 
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the object in the communication between two 
directors, and diſcharge the jar, when the whole 
will become beautifully luminous, care muſt 


however be taken to hold the directors at a 


little diſtance above the phoſphorus, for if it 
paſſes through it, the whole of the powder in 
the track of the fluid will be torn off. 

Place a ſmall key on the phoſphorus, and 
diſcharge a Leyden phial over the phoſphorus, 
and then throw the key off from it, and when 
it is exhibited in the dark, the form of the key 
and all its wards will be perfectly ſeen. 

As the experiments on phoſphorus are in 
themſelves exceedingly curious, and appear to 
me to be intimately connected with the nature 


of electricity, I hope I ſhall not be thought to 


have deviated too far from the ſubje& of this 
eſſay by introducing ſome experiments of Mr. 
Wilſon on this ſubject; the more fo, as the 
producing the priſmatic colours is by no means 
difficult, as little more is required than a few 
opſter-ſhells, and a good fire of any kind. For, if 
thoſe ſhells are thrown careleſsly into the middle 
of the fire, and continued there for aproper time, 
(which may be from ten minutes, a quarter, half, 
or three quarters of an hour, according to the 
thickneſs and compactneſs of the ſhells, and the 
degree of fire they are expoſed to) they will ex- 
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hibit lively priſmatic colours, after they are re. 
moved from the ſun into the dark ſuddenly, and 
the eyes have been previouſly prepared a little 
to receive them. Mr. Wilſon excited alſo the 
light of theſe ſhells with electricity in the fol., 
lowing manner. J 


EXPERIMENT ccxxiv. 


He placed upon a metal ſtand, which wa 
rounded at top, and about half an inch in dia. 
meter, a prepared ſhell, that would exhibit the 
priſmatic colours very lively on the upper ſur- 
face of this ſhell, and near the middle, where 
the colour-making parts predominated, he 
brought the end of a metal rod, and then con- 
nected the two metals properly with the cost. 
ings of a charged phial, in order to diſcharge 
the fluid. In this circuit there was left, de- 
ſignedly, an interval of about three inches, m- 
occupied by metal, and next one fide of tie 
glaſs ; the diſcharge was made by compleating 
the circuit with metal where the interval ws 
left. The ſhell, at that inſtant, was lighted up 
to an exceeding great advantage, fo that all th! 
colours appeared perfectly diſtinct, and in the! 


reſpective places, anſwering to their dificren! 
| colout- 
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colour-making parts. Theſe colours continued 
viſible ſeveral minutes, and when they ceaſed to 
appear, a white purphſh light occupied their 
places, which laſted for a conſiderable time. 
Apd notwithſtanding this experiment was re- 
peated with the ſame and other ſhells, the colours 
continued in their reſpeCtive places, and nearly 
of the ſame degree of brilliancy ; excepting, that 
in or near thoſe parts where the exploſion took 
place a few ſcales were driven off. 


BSZPERIMEWT een. 


Which proves, that bodies of the ſame na- 
ture, but of different volumes and different 
maſſes, are charged with electrical matter only 
in proportion to their ſurface, without any in- 
fluence or concurrence of their maſſes. in this 
caſe. +19 n 
The following experiment, which we ſhall 
give in Mr. Achard's own words, ſeems to de- 
cide this queſtion, on which philoſophers wave 
entertained very different opinions. 

I electrified (ſays he) a cylindrical, hollow 
braſs conductor, ſeven inches long, and one 
and a half in diameter: when it had acquired 
forty degrees of electricity, I drew from it a 
Aa 2 ſpark, 
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ſpark, with a conductor of hollow braſs, of ſeven 
inches long, and one and a half in diameter, 
which weighed eight ounces, and was carefully 
inſulated. The firſt conductor loſt fifteen de- 
grees of its electricity. I repeated the ſame ex. 
periment, when the conductor had thirty de. 
grees of electricity, and then it loſt ten degrees, 
Finally, when the conductor had twenty de- 
grees of electricity, it Joſt only ſeven by its in- 
ſtantaneous contact with the ſame cylinder. 
After having filled this cylinder with lead, 
which produced an addition of five pounds to its 
weight, and conſequently to its maſs, I repeated 
the ſame experiments, and obtained from them 
the very ſame reſults. 
IT his is followed by other experiments, which 
are a farther confirmation of Mr. Achard's 
opinion. 

Theſe experiments ſhew, 1ſt. That bodies 
of an equal ſurface, but different in maſs, when 
they are placed in the ſame circumſtances, ar 
charged with an equal quantity of electric 
matter; and 2dly, That bodies equal in mals, 
but different in extent of ſurface, when they 
are placed in ſimilar circumſtances, are charg- 
ed with an unequal quantity of electrical mat. 
ter, and that the body, whoſe ſurface is Jarge!, 


receives more than that whoſe ſurface is leſs. 
Therefore, 
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Therefore, it is in proportion to their ſurfaces, 
and not to their maſs, that badies are charged 
with a greater or leſs quantity of the electrical 
fluid. 

Before theſe experiments were made it had 
been obſerved, that the extreme ſubtilty, and, 
in moſt caſes, inviſibility of the electric fluid, 
render all reaſoning about its motion precarious. 
t is however incredible, that this fluid ſhould 
paſs through the very ſubſtance of metallic bo- 
dies, and not be retarded by their ſolid parti- 
cles. In thoſe caſes, where the ſolid parts of 
metals are evidently penetrated, i. e. when 
wires are exploded, there is a manifeſt reſiſt- 
ance, for the parts of the wire are ſcattered 
about with violence in all directions. 

The like happened in Dr. Prieſtley's circles, 
made on ſmooth pieces of metal. Part of the 
metal was alſo diſperſed and thrown off, for the 
circular ſpots were compoſed of little cavities. 
If therefore the fluid was diſperſed throughout 
the ſubſtance, and not over the ſurface of the 
metal, it is plain, that a wire, whoſe diameter is 
equal to one of thoſe circular ſpots, ought alſo 
to have been deſtroyed by an exploſion of equal 
ſtrength ſent through it ; whereas, a wire, whoſe 
diameter is equal to one of thoſe ſpots, would 
without injury conduct a ſhock much greater 

| Aa 3 than 
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than any battery hitherto conſtructed could 
give. It is + moſt probable, therefore, that 
though violent flaſhes of electricity, which act 
alſo as fire, will enter into the ſubſtance of me- 
tals and conſume them, yet it immediately diſ. 
perſes itſelf over their ſurface, without enter- 
ing their ſubſtance any more, till being forced 
to collect itſelf into a narrow compaſs, it again 
acts as fire. a 

In ͤ many caſes the electric fluid will be con- 
ducted very well by metals reduced to a mere 
ſurface. A piece of white paper will not con- 
duct a ſhock, without being torn to pieces, as 
it is an electric ſubſtance; but a line drawn on 
it with a black lead pencil will ſafely convey 


the charge of ſeveral jars. It is impoſſible ve 


can think, that the fire here paſſes through the 
SUBSTANCE of the black lead ſtroke; it mult run 
over its ſurface; and if we conſider ſome of 
the properties of metals, we ſhall find that there 
is great reaſon to ſuppoſe that their conducting 
power lies at their ſurface. 

Fig. 92 repreſents a ſmall glaſs tube, ſtopped 
at one end with a piece of cork; & is a vir 
which paſſes through a piece of cork, fitted into 
the other end of the tube ; the upper part of 


the wire is furniſhed with a braſs ball ; the end 
| i 


of the 
gles te 
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of the wire within the tube is bent at right an- 
oles to the reſt of the wire, 


EXPERIMENT CcxxvI. 


Take out the upper cork and wire; pour 
ſome ſallad oil into this tube, and then fit in 
the cork, and puſh down the wire, ſo that 
the end of it may be near or rather 
below the ſurface of the oil; preſent the 
ball towards a prime conductor, holding the 
finger or any other non- conductor oppoſite the 
bent end of the wire, and when a ſpark paſſes 
from the conductor to the braſs ball, another 
will paſs from the end of the wire, and perfo- 
rate the glaſs ; the oil will be curiouſly agita- 
ted. : 
This experiment appears more beautiful 
when it is made in the dark. After the firſt 
| hole is made, turn the end of the wire round 
towards another part of the glaſs tube, and a 
ſecond hole may be made in the ſame manner. 
This experiment was communicated to me by 
the Rey. Mr. Morgan, of Norwich, who has 
carried it much farther, by filling ſmall bottles 
with cement, and then paſſing the ſhock in a 
lunilar mode through them. The perfdration 

1 may 
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may be made with water in the tube inſtead of 
oil. 

Mr. Lullen produces very conſiderable effect; 
by paſſing the ſhock through wires that were 
inſerted in tubes filled with oil. The ſpark 
appears larger in its paſſage through oil, than 
when it paſſes through water. | 

Mr. Vilette filled a diſh of metal with oil, 
and when he had electrified the diſh, he plunged 
a needle into the oil, and received a very ſtrong 
ſpark as ſoon as the point of it came within a 
ſmall diſtance of the diſh. A ſmall cork ball 
being made to ſwim in this oil, upon the ap- 
proach of the thick end of the ſtalk of a lime, 
it plunged to the bottom, and immediately roſe 
up again. 

Analogous to this experiment of Mr. Mor- 
gan are ſome obſervations of Dr. Prieſtley, 
who conſtantly found, that whenever he had 
covered the fractured place of a jar with any 
kind of cement or varnifh, it always broke at 

the place where the cement terminated ; there 
the glaſs was perforated, and a new fracture 
was made, which had no communication with 
the former. The jar always broke at the firſt 
charge, generally before it had received half 
its charge. Struck with this phenomenon, the 
Doctor proceeded to try the experiment on 4 
Jar 
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jar which was not broken, and whoſe ſtrength he 
had previouſly aſcertained by repeated diſcharges: 
he took off a little of the outſide coating, and 5 | 
put on the glaſs a patch of cement, about an | 
inch in diameter, then drawing the coating over 
it, he charged the jar, but before it had receiv- 
ed half its charge, it burſt by a ſpontaneous ex- 
ploſion, not indeed at the termination, but at a 
the middle of the patch of cement, where the | 
glaſs was thinneſt. He covered another entirgly | 
with cement, and it broke near the bottom, 
where the glaſs is generally thickeſt. A jar 
that was covered entirely both inſide and outfide 
with cement, and then coated with tin-foil, 
burſt at the yery firſt attempt to charge it. 


| of 


N E X PERIM ENT ccxxviI. 

ad 

ly The magic picture is a coATED pane of glaſs, 

at proper to anſwer the purpoſe of the Leyden ex- | 
” periment ; over the coating on one fide is paſted | 
re a picture, on the other ſide a piece of white ; 
n paper is paſted, ſo as to cover the whole glaſs; 5 
it is then put into a frame, with the picture 


uppermoſt, and a communication is formed 
from the tin - foil of the under ſide to the bottom 
| rail 
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rail of the frame of the picture, which rail iz 


covered with tin-foil. 

Lay the picture on the table, with the Print 
uppermoſt, and a piece of money ou it; let a 
chain fall from the conductor to the print, turn 
the cylinder, and the plate of glaſs will ſoon 
be charged; now take hold of the picture by 
the top rail, and let another perſon take hold 
of the bottom rail and endeavour to take off 
the piece of money; in doing this they vill 
receive a ſhock, and generally fail in the at- 
rempt, 


SS PP DD RT MST CENNVIEL. 


Put a quantity of braſs duſt into a coated 
Jar, and when it is charged invert it, and throw 
ſome of the duſt out, which will be ſpread in 
an equable and uniform manner on any flat 
ſurface, and fall juſt like rain or ſhow. May 
it not be queſtioned, ſays an ingenious writer, 
whether water, falling from the higheſt region 
of the clouded atmoſphere, would not meet 
the earth in much larger drops, or in cataracts, 
if the coaleſcing power of the drops was not 
counteracted by their electric atmoſpheres ? 
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EXPERIMENT een. 


Place a piece of fmoking wax-taper on the 
prime conductor; turn the cylinder; the volume 
of ſmoke will become more contracted, and 
its motion upward accelerated, Take off the 
electricity of the conductor, and ſuſpend a pair 
of pith balls over it, and about five feet diſ- 
tance from it, turn the machine, and in a few 
ſeconds the balls will open half an inch; re- 
move the taper, and the balls will not ſe- 
parate, 

This experiment, therefore, clearly evinces, 
that ſmoke is a conductor of electricity. 


EXPERIMENT ccxxx. 


Take a round board, well varniſned, and lay 
on it a chain in a ſpiral form; let the interior 
end of the chain paſs through the board, and 
connect it with the coating of a large jar; fix 
the exterior end to a diſcharging rod, and then 
diſcharge the jar; a beautiful ſpark will be 
ſeen at every link of the chain. The illumina- 
tions to be produced by a chain are capable of 
an infinite variety of modifications. 


EXPERI- 
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EXPERIMENT CCXXXkL, 


Place ſpots of tin-foil, at equal diſtances 
from each other, on a piece of bent glaſs, and 
let the ends of the glaſs be furniſhed with brag 
balls, and a glaſs handle be fixed to the middle 
of the bent glaſs. The inſtrument will ſerve 
as a diſcharger, and at the ſame time exhibit, 
at each ſeparation of the tin-foil, the electric 
light. | 

I made ſeveral of theſe luminous diſcharging 
rods, many years ſince, in order to ſhew, that 
the electric fluid iſſues from the negative and 
poſitive coating of each diſcharge, agreeable to 
the idea conveyed by Mr. Atwood's experi- 
ments; ſee Exp. xx, exx1, Cxx11, of this Eſſay. 
But I ſoon found, that the circuit of a diſcharg- 
ing rod was not ſufficiently extenſive for the 


purpoſe . 


EXPERIMENT CCXXXIL. 


Fig. 98 repreſents ſeveral ſpiral tubes, placed 
round a board; a glaſs pillar is fixed to the 
board, and on this pillar is cemented a metal 
cap, carrying a ſmall ſteel point; a braſs wire, 

furniſhed 


5 E K 3 


it, 
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furniſhed with a ball at each end, and nicely 


| balanced, is placed on this point: place the 


middle of this wire under a ball proceeding 
from the conductor, ſo that it may receive 
g continued ſpark from the ball, then give the 
wire a rotative motion, and the balls in revolving 
will give a ſpark to each ball of the ſpiral tube, 
which will be communicated from thence to 
che board ; forming, from the brilliancy of the 
light and its rapid motion, a very pleaſing experi- 
ment. | 

All theſe experiments on the interrupted 
ſpark may be pleaſingly and beautifully varied, 
and the ſpark made to appear of different co- 
lours, at the pleaſure of the operator. 


EXPERIMENT CCXXXIIL 


Suſpend a light cork ball, which is covered 
over with tin-foil or gold-leaf, by a pretty long 
lk thread, ſo as juſt to touch the knob of a 
charged jar placed on a table; it will be firſt 
attracted and then repelled to ſome diſtance, 
where, after a few vibrations, it will remain 
at reſt, If a lighted candle is now placed at 


ſome diſtance behind it, ſo that the flame. of 


the candle may be nearly as high as the knob 


of 
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of the phial; the cork will inſtantly be agitated, 
and, after ſome irregular motions, will deſcribe 
a curve round the knob of the phial, and this i 
will continue to do for ſome time. 

Fig. 96 and 97 repreſent an electrometet, 
nearly ſimilar to that contrived by Mr. Brooke, 
The two inſtruments are ſometimes combined 
In one, or uſed ſeparately, as in theſe figures, 

The arms FH fk, fig. 97, when in uſe, ar 

to be placed as much as poſſible out of the at. 
moſphere of a jar, battery, prime conductor, 
&c. The arm FH and the ball K are mad: 
of copper, and as light as poſſible. The divi- 
ſions on the arm F H are each of them exact 
a grain. They are aſcertained at firſt by placing 
grain weights on a braſs ball which is within 
the ball L, (this ball is an exact counterbalance 
to the arm F H and the ball K when the ſmall 
ſlide r is at the firſt diviſion) and then remov- 
ing the ſlide r till it, together with the ball K, 
mee the ball L and the weight laid 
on it. 


A, fig. 69, is a dial-plate, divided into 90 | 
equal parts. The index of this plate is carried ſurt 
once round, when the arm B C has moved be 


through 90 degrees, or a quarter of a circle. 


That motion is given to the index by the repul- 
ſive 
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five power of the charge acting between the bal] 
D and the ball B“. | 

The arm. BC being repelled, ſhews when 
the charge is increaſing, and the arm F H 
ſhews what this repulſive power 1s between two 
balls of this ſize in grains, according to the 
number the weight reſts at when lifted up by 
the repulſive power of the charge: at the ſame 
time the arm B C points out the number of de- 
grees to which the ball B is repelled ; ſo that 
by repeated trials, the number of degrees, an- 
ſwering to a given number of grains, may be 
aſcertained, and a table formed from theſe ex- 
periments, by which means the electrometer, 
fig. 96, may be uſed without that of fig. 97. 

Mr. Brooke thinks that no glaſs, charged (as 
we call it) with electricity, will bear a greater 
force, than that whoſe repulſive power, between 
two balls of the ſize he uſed, is equal to ſixty 
grains : that in very few inſtances it will ſtand 
ſixty grains weight; and he thinks it hazard- 
ous to go more than forty-five grains. | 

Hence, by knowing the quantity of coated 
ſurface, and the diameter of the balls, we may 
be enabled to ſay, ſo much coated ſurface, with 
a repulſion between balls of ſo many grains, 


* Philoſophical Tranſactions, Vol. 82, p. 384. 
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will melt a wire of ſuch a ſize, or kill ſuch a 
animal, &c. 

Mr. Brooke thinks, that he is not acquaint- 
ed with all the advantages of this eleQrometer; 
but that it is clear, it ſpeaks a language which 
may be univerſally underſtood, which no other 
will do; for though other electrometers will 
ſhew whether a charge is greater or leſs, by an 
index being repelled to greater or ſmaller diſ. 
tances, or by the charge exploding at different 
diſtances, yet the power of the charge is by no 
means aſcertained :' but this electrometer ſhews 
the force of the repulſive power in grains; 
and the accuracy of the inſtrument is eaſily 
proved, by placing the weights on the internd 
ball, and ſeeing that they coincide with the 
diviſions on the arm F H, when the ſlide is 
removed to them. 

Mr. Achard has ſhewn clearly, -that if the 
ſcale of an electrometer is divided into equal 
parts (degrees for example) the angle at which 
the index is held ſuſpended by the electric re- 
pulſion will not be a true meaſure of the repul- 
ſive force ; to eſtimate which truly, he demon- 
ſtrates that the arc of the ele&rometer ſhould be 
divided according. to a ſcale of arcs, the tan- 
gents of which are in arithmetical progreſſion. 
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OBSERVATIONS AND EXPERIMENTS MADE BY 
DR. PRIESTLEY ON THE EFFECTS OF ELEC- 
TRICITY ON DIFFERENT ELASTIC FLUIDS. 


we 


EXPERIMENT CCXEXTY, 


To change the blue colour of liquors, tinged 
with vegetable juices, red. The apparatus for 
this purpoſe is ſeen in fig. 94. AB 1s a glaſs 
tube, about four or five inches long, and one 
or two tenths of an inch diameter in the in- 
ide; a piece of wire is put into one end of 
the tube, and fixed there with cement ; a braſs 
ball is placed on the top of this wire ; the 
lower part of the tube from &@ is to be filled with 
vater, tinged blue with a piece of turnſole or 
archal. This is eaſily effected, by ſetting the 
tube in a veſſel of the tinged water, then plac- 
Ing it under a receiver on the plate of the air- 
pump; exhauſt the receiver in part, and then, 
on letting in the air, the tinged liquor will riſe 
a the tube, and the elevation will be in pro- 
portion to the accuracy of the vacuum ; now 


_- ake the tube and veſſel from under the receiver, 
ad throw ſtrong ſparks on the braſs ball from 
8 me prime conductor. 
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When Dr. Prieſtley made this experiment 
he perceived, that after the electric ſpark had 
been taken, between the wire 6 and the liquor 
at a, about a minute, the upper part of it he. 
gan to look red; in two minutes it was manifef. 
ly ſo, and the red part did not readily mi 
with the liquor. If the tube was inclined when 
the ſparks were taken, the redneſs extended 
twice as far on the lower fide as on the up- 
per. In proportion as the liquor became red, 
it advanced nearer to the wire, ſo that the air 
in which the ſparks were taken was diminiſhed; 
the diameter amounted to about one fifth of the 
whole ſpace ; after which, a continuance of the 
electrification produced no ſenſible effect. 
ITY determine, whether the cauſe of the 
change of colour was in the air, or in the &ec- 
tric matter, Dr. Prieſtley expanded the air in 
the tube, by means of an air-pump, till it es. 

pelled all the liquor, and admitted freſh blue 
liquor in its place; but after this, eledriciy 
produced no ſenſible effect on the air or on the 
liquor; ſo that it was clear, that the electre 
matter had diſcompoſed the air, and made i 
depoſit ſomething of an acid nature. The reſult 
was the ſame with wires of different metak. 
It was alſo the ſame when, by means of a bei. 


tube, the ſpark was made to paſs from the 
| liquoꝛ 
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liquor in one leg, to the Jiquor in the other, 
The air thus diminiſhed was in the higheft de- 
gree noxious. 

In paſſing the electric ſpark through differ- 
ent elaſtic fluids it appears of different colours. 
In fixed air, the ſpark is very white; in inflam- 
mable and alkaline air, it appears of a purple 
or red colour. From hence we may infer, that 
the conducting power of theſe airs is different, 
and that fixed air is a more perfect non- con- 
ductor than inflammable air. 

The ſpark was not viſible in air from a cauſ- 
tic alkali, made by Mr. Lane, nor in air from 
virit of ſalt; ſo that they ſeem to be more 
perfect conductors of electricity than water, or 
other fluid ſubſtances. 

The electric ſpark, taken in any kind of oil, 
produces inflammable air. Dr. Prieſtley tried 
it with ether, oil of olives, oil of turpentine, 
and eſſential oil of mint, taking the electric 


park in them without any air to begin with; 


nflammable air was produced in them all. 
Dr. Prieſtley found, that on taking a ſmall 
electric exploſion for an hour, in the ſpace of 
an inch of fixed air, confined in a glaſs tube 
one tenth of an inch diameter, when water was 
admitted to it, only one fourth of the air was 
unbibed. Probably the whole would have 
B b 2 been 
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been rendered immiſcible in water, if the elec. 
trical operation had been continued a ſufficiey 
time. 

The electric ſpark, when taken in alkaline 
air, appears of a red colour; the electric explo- 
fions, which paſs through this air, increaſe it 
bulk ; fo that, by making about 200 exploſions 
in a quantity of it, the original quantity will 
be ſometimes increaſed one fourth. If water 
is admitted to this air, it will abſorb the 
original quantity, and leave about as much 
elaſtic fluid as was generated by the ele&ricity, 
and this elaſtic fluid is a ſtrong inflammable 
air. 

Dr. Prieſtley found, that when the electric 
ſpark was taken in vitriolic acid air, that the 
inſide of the tube in which it was confined was 
covered with a blackiſh ſubſtance. He ſeems 
to think, that the whole of the vitriolic acid 
air is convertible into this black matter, not ty 
means of any union which it forms with the 
electric fluid, but in conſequence of the con- 
cuſſion given to it by the exploſion ; and that, 
if it be the calx of the metal which ſupplied 
the phlogiſton, it is not to be diſtinguiſhed 
from what metal, or indeed from what fub- 
ſtance of any kind, the air had been en. 
tracted, 
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Dr. Prieſtley made 1 50 exploſions of a com- 
mon jar in about a quarter of an ounce mea- 
ſure of vitriolic acid air from copper, by which 
the bulk was diminiſhed abour - one third, and 
the remainder ſeemingly not changed, being 
all abſorbed by water. In the courſe of this 
proceſs, the air was carefully transferred three 
times from one veſſel to another; and the laſt 
veſſel, in which the exploſions were made in it, 
was, to all appearance, as black as the firſt; 
ſo that the air ſeems to be all convertible into 
this black ſubſtance. | | a 

Thinking this diminution of the vitriolic acid 
ar might ariſe from its abſorption by the ce- 
ment, with which the glaſs tubes employed in 
the laſt experiment were cloſed, he repeated it 
with the air from quickſilver, in a glaſs ſyphon 
confined by quickſilver, and the reſult was the 
lame, 

That this matter comes from the vitriolic 
«id air only, and not from any combination of 
the electric matter with it, will appear from the 
following experiment. | 

He took the ſimple electric ſpark from a con- 
ductor of a moderate ſize, for the ſpace of five 
minutes without interruption, in a quantity of 
ritriolic acid air, without producing any change 
in the inſide of the glaſs; when immediately 

B b 3 after 
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after, making in it only two exploſions of 
common jar, each of which might be produced 
in leſs than a quarter of a minute with the ſaws 
machine in the ſame ſtate, the whole of the 
inſide of the tube was compleatly covered with 
the black matter. Now had the electric marr 
formed any umon with the air, and this black 
matter had been the reſult of that combination, 
all the difference that would have arifen from 
the ſimple ſpark or the exploſion, could only 
have been a more gradual, or a more ſudden 
formation of that matter. 

A large phial, about an inch and a half wide, 
being filled with this air, the exploſion of a 
very large jar, containing more than two feet of 
coated ſurface, had no effect upon it; from 
which it ſhould ſeem, that in theſe caſes, the 
force of the ſhock was not able to give the 
quantity of air ſuch a concuſſion as was neceſ 
ſary to decompoſe any part of it. 

He had generally made uſe of copper, but 
afterwards he procured this air from almol 
every ſubſtance from which it could be ob- 
tained ; the electric explofion taken in it pro- 
duced the ſame effect. But, as ſome of tit 
experiments were attended with peculiar ci. 
cumſtances, he briefly mentions them, as foi 
lows. | 
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When he endeavoured to get vitriolic acid 
air from lead, putting a quantity of leaden ſhot 
into a phial containing oil of, vitriol, and ap- 
plying only the uſual degree of heat, a conſi- 
derable quantity of heat was produced ; but 


afterwards, though the heat was encreafed till 


the acid boiled, no more air could be got. He 
imagined therefore, that in this caſe the phlo- 
giſton had, in fact, been ſupplied by ſome- 
thing that had adhered to the ſhot. However, 
in the air ſo produced, he took the electric 
exploſion ; and in the firſt quantity he tried, a 
whitiſh matter was produced, almoſt covering 
the inſide of the tube; but in the ſucceeding 
experiments, with air produced from the ſame 
ſhot, or from ſomething adhering to 1t, there 
was leſs of the whitiſh matter ; and at laſt, no- 
thing but black matter was produced, as in all 
the other experiments. Water being admitted 
to this air, there remained a conſiderable reſi- 
duum, which was very ſlightly inflammable. 
Vitriolic acid air is eaſily procured from 
ſpirit of wine, the mixture becoming black be- 
fore any air is yielded. The electric exploſton 
taken in this air alſo produced the black 
matter. 
The experiments made with ether ſeem to 
throw moſt light upon this ſubject, as this 
B b 4 air 
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air is as eaſily procured from ether as any 
other ſabſtance, containing phlogiſton. In the 
air procured by ether the electric exploſion 
tinged the glaſs very black, more ſo than in 
any other experiment of the kind ; and, when 
water had abſorbed what it could of this air, 
there was a reſiduum in which a candle burned 
with a lambent blue flame. But what wa 
moſt remarkable in this experiment was, that 
beſides the oil of vitriol becoming very black 
during the proceſs, a black ſubſtance, and of a 
thick confiſtence, was formed, which ſwam on 
the ſurface of the acid. 

It is very poſſible, that the analyſis of this 
ſubſtance may be a means of throwing light 
upon the nature of the black matter, formed 
by electric exploſions, in vitriolic acid air, 
as they ſeem to reſemble one another very 
much. 

The electric ſpark or exploſion, taken in 
common air, confined by quickſilver in a glass 
tube, covers the inſide of the tube with a black 
matter, which, when heated, appears to be pure 
quickſilver. This, therefore, may be the cale 
with the black matter into which he ſuppoſcd 
the vitriolic acid air to be converted by the 
ſame proceſs, though the effect was much more 
remarkable than in the common air. The ex- 
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ploſion will often produce the diminution of 
common air in half the time that ſimple ſparks 
will do it, the machine giving the ſame quantity 
of fire in the ſame time: alſo, the blackneſs 


of the tube is much ſooner produced by the 


ſhocks than by the ſparks. When the tube 
conſiderably exceeds three tenths of an inch in 
diameter, it will ſometimes become very black, 
without there being any ſenſible diminution of 
the quantity of air. 


EXPERIMENT CCXXXkV. 


This curious experiment was made by Mr. 
Marſham, originally with a view to melt wires 
with a ſmall Leyden bottle. The effects are 
curious, and ſeem to open a new field for 1n- 
veſtigating the force and direction of the elec- 
tric fluid. He fixed a ſmall piece of wax upon 
the outſide coating of the Leyden bottle; the 
head of a ſmall needle was ſtuck in the wax, 
lo as to be at right angles to the coating ; op- 
polite to the point of this needle, and at half 
an inch diſtance, another needle was fixed, by 
being forced through the bottom of a chip box ; 
this was connected with the diſcharging rod 
by a wire. On diſcharging the bottle, the 

needle 
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needle with the wax was driven from the coat. 
ing of the bottle, and fixed into the box op- 
poſed to it. The diſtance between the needle; 
was then increaſed to two inches and a half 
which was the greateſt ſtriking diſtance, The 
head of the needle, which was fixed to the 
bottle, was evidently melted in two or three 
places. If the charge was ſtrong, and the wax 


was not ſtuck faſt to the coating of the bottle, 


both the wax and the needle would be driven 
ſome inches from the bottle. On placing 2 
ball of wax on the point of each needle, and 
paſſing the diſcharge through them, the ball 
was thrown from that connected with the bottle 
full two feet. Repeating this again, he could 
not produce the ſame effect. 

Mr. Marſham now fixed the needle, oppoſed 
to that on the bottle, with wax on a braſs plate, 
On paſſing the charge through them, when the 
needles were half an inch diſtance from each 
other, the needle was thrown ſix inches from 
the braſs plate, while the other remained in its 
ſituation. On increafing the diſtance, the effects 
were the ſame, till it came to one inch and 1 
half, when neither were thrown off. In many 
inſtances, both were thrown off, leaving the 
wax behind them. 

The needles in all theſe experiments paſſed 


through 
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through the wax, ſo as to touch the coating of 
the bottle and the braſs plate; both the coating 
and plate were beautifully fuſed at each explo- 
ſion. 

Mr. Marſham then ſubſtituted ſmall pieces 
of putty inſtead of wax; when on making the 
diſcharge with the points, at only three-eighths 


ol an inch, the needle was driven from the bot- 


tle, and the putty forced up the needle. The 
points were then placed as near each other as 
was poſſible ; when, on making the diſcharge, 
the putty of both needles was blown to pieces, 
and the needle thrown at a conſiderable diſtance; 
the braſs plate was alſo curiouſly melted, and 
the bottle broke. | 


TEAAPERIMENT een. 


Cut a piece of India or thin paper, into the 
ſhape of an iſoſceles triangle, whoſe ſides are 
about two inches long, breadth two tenths of an 
inch; then ere& a braſs ball of two or three 
inches diameter, on a braſs wire one fixth of an 
inch diameter, and two feet fix inches long, on 
the prime conductor; electrify the conductor, 
and then bring the obtuſe end of the pieces of 
paper within the atmoſphere of the ball, and let 

it 
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it go, and the paper will revolve round the ball 
and often round its own axis. This pleaſing 
and exceeding curious experiment was commu- 
nicated to me by the ingenious Mr. J. Gamble 
of Pembroke-Hall, Cambridge. 


EXPERIMENT CcxxxII. 


Electrify two pieces of ſwans down, one ne- 
gatively, and the other poſitively; they will then 
float in the air, and may be eaſily driven about 
by bottles charged with contrary electricity; 
when brought near together, they will attract 
each other, meet with rapidity, their fibres will 
collapſe, and they will then fall to the ground, 
repreſenting in miniature what may be ſuppoſed 
often to happen in the higher regions of the 
atmoſphere. 


EXPERIMENT ccxxxviII. 


Inſulate a Leyden phial, and connect a ſei 
of electrical bells with the inſide of the phial, 
and another ſet with the outſide ; charge the 
phial, and then touch the ſet of bells connected 
with the inſide; theſe will ceaſe ringing, and the 
other ſet will begin to ring: now touch theſe, 
and then the ſet connected with the inſide will 


ring: 
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ring : and fo on alternately till the bottle is diſ- 
charged. Thus illuſtrating in a pleaſing manner 
the received theory of the Leyden phial. 

Adiſtin& apparatus is often fitted up for the per- 
forming of this experiment: or it may be ſhewn 
by means of the apparatus repreſented Fig. 49. 
Pl. III. which can eaſily be applied to a great 
variety of purpoſes, and is ſufficient for explain- 
ing moſt part of the phenomena relative to the 
Leyden phial, beſides being very convenient for 
ſeveral pleafing experiments. 


DN THE ANALOGY BETWEEN THE PRODUCTION 


AND EFFECTS OF ELECTRICITY AND HEAT, 
AND ALSO BETWEEN THE POWER BY WHICH 
BODIES CONDUCT ELECTRICITY AND RECEIVES 
NEAT; WITH THE DESCRIPTION OF AN IN- 
STRUMENT TO MEASURE THE QUANTITY OF 
THE ELECTRICAL FLUID, WHICH BODIES OF A 
DIFFERENT NATURE WILL CONDUCT, WHEN 
PLACED IN THE SAME CIRCUMSTANCES, BY 
MR. ACHARD *., 


The production of heat is ſimilar to that 


of electricity. 
Every kind of friction produces heat and 


* Memoires de l' Academie de Berlin, for 1759. 
| electricity. 
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electricity. 
order to render the analogy perfect, it would be 
neceſſary that the friction of every body ſhould 
produce electricity, which appears contrary to 
experience, as metals and other conducting 
ſubſtances do not become electrical, but by 
the contact of electric bodies, and that the 


n 0-H 


It may be objected to this, that in 


immediate friction of theſe ſubſtances will not 
render them electrical. 

To this it may be anſwered, that when an 
electric body is excited by friction againſt a 
non- electric, that the laſt, if it is inſulated, 


gives as ſtrong ſigns of electricity as thoſe of 


the electric itſelf. This electricity is not com- 
municated by the electric, ſince it is of an op- 
poſite kind: negative, if the electric is poſitive; 
and the contrary. 

This obſervation proves, not only that the 
conducting bodies become electrical by friction, 
as well as electric bodies, but alſo, that to pro- 
duce electricity, it is neceſſary that the equili- 
brium between the electricity of the rubbing 
bodies ſhould be deſtroyed ; if each ſubſtance 


is equally adapted to receive and tranſmit- the 


electrical fluid, it is clear, that the equilibrium 
of the fluid between them cannot be deſtroyed; 


becauſe, that at the inſtant one receives from 
the other any given quantity, it will, by its elaſ- 


ticity, 
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ticity, be again divided between them: we may 
therefore conclude, ; 

1. That the electricity produced by the fric- 
tion of two bodies is greater, in proportion to 
the increaſe of the difference between the con- 
ducting power of thoſe bodies. | 

2. That where two bodies are equally adapted 
to receive and tranſmit the electric fluid, they 
give no ſign of electricity; not becauſe they 
cannot become electrified by friction, but be- 
cauſe the electricity, which is diſturbed by the 
friction, is at the ſame time reſtored, on ac- 
count of the facility with which it penetrates 
each ſubſtance. For a reaſon nearly fimilar, 
electrics, when rubbed together, do not appear 
electrified. | 

It ſeems therefore, that we may conclude 
from this theory, which is founded on fact, that 
in all caſes, and whatever is the nature of the 
ſubſtance, the friction always produces elec- 
tricity; and when the effect is not ſenſible, it 
is only becauſe electricity is loſt as ſoon as pro- 
duced. 

That there are no ſubſtances, that are rubbed 
againſt a body, which tranſmit the electric fluid 


with greater or leſs difficulty, but what give 


ſigns of electricity: that metals are as electrical 
by themſelves as glaſs and wax. 
That 
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That as friction always, and in all caſes, pro. 
duces electricity, there is a perfect analogy be. 
tween the production of heat and electricity. 


THE EFFECTS WHICH ARE PRODUCED BY ELFc- 
TRICITY, ARE SIMILAR TO THAQSE PRODUCE» 


BY HEAT. 


Heat dilates all bodies. The action of the 
electric fluid on the thermometer ſhews its 
dilating power alſo ; and if we do not generally 
perceive it, it is becauſe the force with which 
bodies cohere together exceeds the dilating 
power of electricity. 

Heat promotes and accelerates vegetation as 
well as germination : Electricity, whether poſi- 
tive or negative, does the ſame. 

Electricity, as well as heat, accelerates eva- 
poration. 

Heat and electricity accelerate the motion 
of the blood *. Leaſt fear, conſtraint, or the 
attention to the experiment, might accelerate 
the pulſe and thus be attributed to electricity, 
Mr. Achard made the experiment on a dog 


when aſleep, and always found, that the number 


This poſition has been much controverted, and it ſeems 
clear, from modern experiment, that ſimple electricity does 
not accelerate the pulſe, 


of 
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of pulſations was increaſed when the animal was 
electrified. 


The experiment made by Mr. Achard on the 
eggs of a hen, and by others on the eggs of 
moths, prove that electricity, as well as heat, 
ſavour the developement of thoſe animals. The 
electric fluid, in common with fire, will throw 
metals into fuſion. 

If ſubſtances, with equal degrees of heat, touch 
each other, the heat is diffuſed uniformly between 
them, In the ſame manner, if two bodies with un- 
equal degrees, or different kinds of electricity, 
touch each other, an equilibrium will be eſtabliſh» 
ed. 


THERE IS AN EXACT ANALOGY BETWEEN THE 
FACULTY WITH WHICH BODIES CONDUCT THE 
ELECTRIC FLUID AND RECEIVE HEAT. 


If bodies of different kinds, and of equal de- 
grees of heat, are placed in a medium of a dif- 
ferent temperature, they will all acquire, at the 
end of a certain time, the ſame degree of heat. 
There is a conſiderable difference, however, in 
the ſpace of time in which they acquire the 
temperature of the medium, ex. gr. metals take 
leſs time than glaſs, to acquire or loſe an equal 


degree of heat. 
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On an attentive examination of the bodies 
which receive and loſe their heat ſooneſt, when 
they are placed in mediums of different tempe- 
tature, they will be found to be the ſame which 
receive and loſe their electricity with the 
greateſt facility. Metals which become warm 
or grow cool the quickeſt, are the ſubſtances 
which receive and part with their eledricity 
ſooneſt. Wood, which requires more time to 
be heated or cooled, receives and loſes ele&ri- 
city ſlower than metals. Laſtly, glaſs and re- 
ſinous ſubſtances, which receive and loſe ſlow- 
ly the electric fluid, acquire with difficulty the 
temperature of the medium which ſurrounds 
them. | 

If one extremity of an iron rod is heated 
red-hot, the other extremity, though the bar 
is ſeveral feet long, will become ſo warm in a 
little time that the hand cannot hold it; be- 
cauſe the iron conducts heat readily ; though a 
tube of glaſs, only a few inches long, may be 
held in the hand, even while the other end 1s 
melting. The electric fluid, in the fame man- 
ner, paſſes with great velocity from one end 
of a rod of iron to the other; but it is 1 
conſiderable time before a tube of glaſs, at one 
end of which an excited electric is held, will give 
electric ſigns at the other. 
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Theſe obſervations prove that ſeveral bodies 
that receive and loſe with difficulty their ac- 
tual degree of heat, receive and loſe alſo 
with difficulty their electricity. To determine 
if this law is general, and what are the excep- 
tions to it, will require a variety of experiments. 

If we ſuppoſe two ſubſtances, one of which 
is electrified, but the other not, that the firſt 
has a known degree of electricity, and that the 
laſt, in touching itz deprives it of a given de- 
gree of electricity; this loſs of a part of its 
eefricity determines the faculty with which 
the body that touches it receives the electric 
fluid. Beſides the figure and volume of this 
lubſtance, the time the two bodies remain in 
contact will alter the quantity taken from 
the electrified ſubſtance; ſo that all other 
arcumſtances being the ſame, the property of 
bodies to deprive other bodies of their elec- 
ricity, or, in other words, to conduct the elec- 
tic fluid, is in the inverſe ratio of the time 
neceſſary to make them loſe an equal degree 
if electricity. | 

The inſtrument which is repreſented fig. 95 
conſtructed on theſe principles, and with it 
de quantity of electricity that one body loſes 
n a given time, when touched by another; may 
® accurately aſcertained. AB is a very ſen- 
GC e 2 ſible 
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fible balance; at the extremity of each arm tx 
very light balls of copper are affixed; CF 
a divided ſemicircle, which 1s faſtened to the 
cock which ſupports the axis of the balance; 
the degrees may be pointed out by a needle, or 
by the arms of the balance; the cock is fixed 
to a braſs cap, which is cemented on the ga 


pillar G G, which is fixed to the board QRST; 
this pillar ſhould be at leaft 18 inches high, 


U is a Leyden bottle; to the wire Z Z, which 
communicates with its inſide coating, three 
horizontal wires, VZ, X Z, and Z L, are fixed; 
the ends of theſe wires are furniſhed with hol- 
tow braſs balls; the bottle U is ſo fixed to the 
board, that when the beam 1s horizontal, the 
ball B touches exactly the ball X, as 1s repre- 
ſented in the figure. 

K N is a metal lever, which turns upon an 
axis at I, fo as to move freely in a vertical 
plane, which ſhould coincide with the bar VX. 
the lever K N is ſupported by a wooden pilla 
EH, which is fixed to the board QRST; 4 
the end K of the lever is a ſcrew, to hold the 
fubſtance on which the experiment is to be made; 
the upper end of this ſubſtance ſhould be tur 
ed into a convex form. A thread N © is tied 
to the end N of the lever; at O is a {inal 


hook, on which a ball I is to be ſuſpend 
The 


the t 


experi 
in the 
this ſu 


two 
FD 
0 the 
ance; 
le, Of 
fixed 
glass 
OT, 
high, 
which 
three 
fixed - 
1 hol- 
to the 
l, the 
repre- 


on an 
rertical 
VX; 
1 pillar 
T; 4 
old the 
> made; 
e turn- 
is tied 
a {mall 
ended. 


The 


the thread N O, 


nee. 


389 


The diſtance of the pillar I H from the bottle 
is to be ſo adjuſted, that when the end N is 
lowered, the body L may touch in 'one point 
the ball V ; the proportion between the weight 
of the arms of the lever, the weight I and the 
body L, and the length of the pillar IH to 
is to be ſuch, that when the 
ſubſtance L. the ball V, at the ſame 
moment the ball P will touch the board 
CRS T, and be diſengaged from the thread 
NO; the ſubſtance L will alſo at the fame 
inſtant quit the ball V. 

To uſe this inſtrument, connect the bottle 
U with the prime conductor by the ball Y, 
and form a communication by a wire from 
Y to the cap G; charge the bottle, and the 
ball X will repell the ball B; the angle of re- 
pulſion will be marked by the needle E F. 
Suppoſe this to be 20 degrees, and let L be 
brought, as before deſcribed, to touch V, it will 
abſorb a quantity of electricity proportionable 
to its conducting power, and the ball B will 
fall in proportion to the quantity abſorbed, and 
the difference will be ſeen on the ſemicircle. 
Let the difference be five degrees; repeat the 
experiment, only ſubſtituting ſome other ſubſtance 
in the place of the body L; ſuppoſe that with 
wnis ſubſtance the diminution of the angle is 8 de- 

2-2 grees 
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grees, then is the conducting power of theſe two 
ſubſtances in the proportion of five to eight, 

Fig. 106 repreſents an apparatus, to ſet x 
wire on fire by the electric exploſion in dephlo- 
giſticated air. I am obliged to defer the deſcrip. 
tion and uſe of it to ſome future opportunity, 
as I have not had any time to try its ſue 
cels, 
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ADVERTISEMENT. 


Tins ſmall Eſſay is publiſhed to illuſ- 
trate and exemplify ſome vſes of a Mag- 


netical Apparatus, conſtructed in order 
to exhibit the general phænomena of 


Magnetiſm. It is extracted from a larger 


work, which is laid aſide for the preſent, 
as it is probable the public will ſoon be 


favoured with a treatife on this ſubject 


by Mr. CAvALLo. 


T H. 
ne 
tention 

their fir 
the obſc 
very fev 
coveries 
The po 
to emp 
not bee 
account 


all the 


MAGNETISM. 


HOUGH the phænomena of the mag- 
net have, for many ages, engaged the at- 
tention of natural philoſophers, ' not only by 
their ſingularity and importance, but alſo by 
the obſcurity in which they are involved; yet 
very few additions have been made to the diſ- 
coveries of the firſt enquirers upon the ſubject. 
The powers of genius which have been hither- 
to employed in proſecuting this ſubject, have 
not been able to frame an hypotheſis, that will 
account, in an eaſy and ſatisfactory manner, for 
al the various properties of the magnet, or 


point 
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point out the links of the chain which con. 
nect it with the other phænomena of the uni. 
verſe. Though it is certain that both natural 
and artificial electricity will give polarity to 
needles, and even reverſe; from whence it 
would appear, that there is a conſiderable af. 
finity between the electric and magnetic fluid, 
but how it acts when producing magnetiſm, 
x entirely unknown. 

It is known by the works of Plato * and 
Ariſtotle, that the antients were acquainted with 
the attractive and repulſive powers of the mag- 
net ; but it does not appear, that they knew of 
its pointing to the pole, or the uſe of the com- 
paſs. As they were not acquainted with the 
true method of philoſophiſing, and contented 

themſelves with obſervation alone, their know- 
ledge. of nature was confined: within very narrow 
limits, and did not afford any - conſiderable ad- 


3414.3 


* A power reſembling that, which acts in the ſtone, 
called by Euripides the magnet. For this ſtone does 
* not only attract iron rings, but impart to thoſe rings the 
power of doing that very thing which itſelf does, ena- 
bling them to attract other rings r iron; ſo that ſometimes 
ce may be ſeen a very long ſeries of iron rings, depending 
&« as in a chain one from another. But from that ſtone 
at the head of them is derived the virtue, which ope- 
66 rates in them '' "i See Sy denham 8 tranſlation of the 
10 of Plato. 
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vantage to ſociety. Modern philoſophers, by 
combining experiment with - obſervation, ſoon 
extended the boundaries of ſcience, and diſ- 
covered the polarity of the loadſtone, a pro- 
perty which in a manner conſtitutes. the 
baſis of navigation, and gives being to com- 
merce. 

THE LOADSTONE, LEADING STONE, OR 'NA- 
TURAL MAGNET, is an iron ore or ferruginous 
ſtone, found in the bowels of the earth, general- 
ly in iron mines; of all forms and ſizes, and 
of various colours. It is endowed with the 
property of attracting iron; and of both point- 
ing itſelf, and alſo enabling a needle, touched 
upon it, and duly poiſed, to point towards the 
poles of the world. 

Loadſtones are in general very hard and brit 
tle, and for the moſt part more vigorous in 
proportion to their degree of hardneſs. Con- 
ſiderable portions of iron may be extracted from 
them. Newman ſays, that they are almoſt to- 
tally ſoluble in ſpirit of nitre, and partially in 
the vitriolic and marine acids. 


Mr. Kirwan ſays, That the magnet ſeems 


to contain a ſmall quantity of ſulphur, is often 
contaminated with a mixture of quartz and 
argill; it is poſſible, it may contain nickell, for 
this, when purified to a certain degree, acquires 
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the properties of a magnet, but its conſtituton 


has not as yet been properly examined “. 


Artificial magnets, which are made of ſteel, 


are now generally uſed in preference to the na- 
tural magnet; not only as they may be pro- 
cured with greater eaſe, but becauſe they are 
far ſuperior to the natural magnet in firength, 
and communicate the magnetic virtue more 
| powerfully,” and may be varied in their form 
more Eaſily, fo that the natural magnet is now 
very little eſteemed, except as a curioſity. 
Ihe power of attracting iron, &c. poſſeſſed 
by the loadſtone, which is alſo communicable 
to iron and ſteel,” is called rANETISM. It has 
been ſuppoſed that iron and the loadſtone were 


the only two bodies which could be rendered 


magnetical ; but it now appears that nickel, 
when purified from iron, becomes more in- 
ſtead of leſs magnetic, and acquires, what iron 
does not, the properties of a magnet f. 

A rod or bar, of iron or ſteel, to which a 
permanent polarity has . mme is 
called a MAGNET. - 1 

The points in a miagher ahick ſeem to val; 
ſeſs the ae power, nt in which the wee 


* Kirwan's Elements of CET p- 277 
+ Ibid. p. 369. | 
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ſeems to be concentrated, are termed THE 
POLES OF A MAGNET. | 

THE MAGNETICAL MERIDIAN is a vertical 
circle in the heavens, which interſects the ho- 
rizon in the points to which the magnetical 
needle, when at reſt, is directed. | 

THE Axis OF A MAGNET is a right line, which 
paſſes from one pole to the other. 

THE EQUATOR OF A MAGNET is a line per- 
pendicular to the axis of the magnet, and ex- 
actly between the two poles. 

The diſtinguiſhing and characteriſtic proper- 
ties of a magnet, are, 

Firſt, Its attractive and repulſive powers. 

Secondly, The force by which it places it- 
ſelf, when ſuſpended freely, in a certain direc- 
tion towards the poles of the earth. 

Thirdly, Its dip or inclination towards a 
point below the horizon. 

Fourthly, The property which it poſſeſſes of 


communicating the foregoing powers to iron or 
ſteel. | 


RH AO LE EEG 


Mr. Euler ſuppoſes, that the two principal 
cauſes which concur in producing the wonder- 


* Lettres 4 une Princeſſe d'Ailemagne. 
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ful properties of a magnet are, firſt, a particy. 


lar ſtructure of the internal pores of the mag. 
nets, and of magnetical bodies ; and, ſecondly, 
an external agent or fluid, which acts upon and 
paſſes through theſe pores. This fluid he ſup- 
poſes to be the ſolar atmoſphere, or that ſubtil 
matter called ether, which fills our ſyſtem. 

Indeed, moſt writers on the. ſubje& agree in 
ſuppoſing, that there are corpuſcles of a pecu- 
liar form and energy, which continually circu- 
late around and through a magnet; and that a 
vortex of the ſame kind circulates around and 
through the earth. 

A magnet, beſides the pores which it has 
in common with other bodies, has alſo other 
pores conſiderably ſmaller, deſtined only for 
the paſſage of the magnetic fluid. Theſe pores 
are ſo diſpoſed as to communicate one with the 
other, forming tubes or channels, by which the 
magnetic fluid paſſes from one end to the 
other. The pores are ſo formed that this fluid 
can only paſs through them in one direction, 
but cannot return back the ſame way; ſimilar 
to the veins and lymphatic veſſels of the animal 


body, which are furniſhed with valves for this 


purpoſe. So that the pores of the magnet may 
be conceived to be formed into ſeveral narrow 
contiguous tubes, parallel to each other, as at 

AB; 
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AB, fig. 99, through which the finer parts of 


the ether paſſes freely from A to B, but cannot 
return back on account of the reſiſtance it meets 
with at a, a, ö, b, nor overcome the reſiſtance of 
the groſſer ether, which occaſions and continues 
the motion. For ſuppoſing the pole A of a 
magnet, filled with ſeveral mouths or open 
ends of ſimilar tubes, the magnetic fluid, 
preſſed by the groſſer parts of the ether, will 
paſs towards B with an inconceivable rapidity, 
which is proportionable to the elaſticity of the 
ether itſelf ; this matter which, till it arrives at 
B, is ſeparated by the tubes from the more 
groſs parts, then meets with it again, and has 
its velocity retarded, and its direction changed; 
the ſtream, reflected by the ether, with which 
it cannot immediately mix, is bent on both 
ſides towards C and D, and deſcribes, but with 
leſs velocity, the curves DE and CF e, and 
approaching by the curves d and , falls in 
with the affluent matter m m, and again enters 


the magnet; and thus forms that remarkable 


atmoſphere which is viſible in the arrangement 
of ſteel filings on a piece of paper that is placed 
over a magnet, 
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A SECOND HYPOTHES1s*#, 

1. That the earth is a large magnet. 

2. That there is a ſubtil fluid, called the mag. 
netic fluid, which exiſts in every kind of iron, 
is equally attracted by all its parts, and equally 
diſſeminated throughout its ſubſtance, unleſs it 


is forced into an inequality by a power ſupe- 


rior to the attraction of the iron. 

3. That the natural quantity of magnetic 
fluid contained in a piece of iron, may be put 
in motion ſo as to be more rarified in one 
part, -and more condenſed in another ; but it 
cannot be ſo taken away by any known force, 
as to leave the whole maſs in a negative ſtate 
with reſpect to its natural quantity; neither can 
any additional quantity be introduced ſo as to 
put it in a poſitive ſtate. 

4. A piece of ſoft iron permits the magnetic 
fluid which is contained in its ſubſtance to be 
put in motion by a ſmall force, ſo that, being 
placed in the direction of the magnetic meri- 
dian, it acquires immediately the properties of 
a magnet, its magnetic fluid being drawn or 
puſhed from one extremity to the other, and 


continuing ſo while it remains in the ſame po- 


* Oeuvres de Franklin. Tom. 1. p. 277. 
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ſition; one of the ends becoming poſitively, the 
other negatively magnetic. This tranſient mag- 
net loſes its properties when it is laid in an eaſt 
and weſt ſituation, the magnet returning to its 
original ſituation. 

If the iron is hard as ſteel, it is more difficult 
to put the magnetic fluid in motion, it re- 
quires a ſtronger force than is exerted by the 
magnetiſm of the earth to move it, and when 
moved from one end to the other, it cannot 
eaſily return, and thus a ſteel bar requires a per- 
manent magnetiſm. 

6. A great heat opens the ſubſtance and ſe- 
parates the parts of the bar, and thus gives a 
free paſſage for the magnetic fluid, which de- 
ſtroys its magnetic properties. 

7. A ſteel bar not magnetical, placed in the 
direction of the magnetic meridian and dip, and 
firſt heated and then ſuddenly cooled, while in 
this poſture, acquires a permanent magnetiſm; 
for while the bar was warm, the magnetic fluid 
contained in it was eaſily forced from one end 
tothe other, by the magnetiſm of the earth, and 
was retained there by the contraction of the bar 
from cold. 

8. Violent concuſſions ofthe ſteel bar placedasin 
the foregoing article, ſo ſeparate its parts du: ing 
weyibrations, as to ſuffer the magnetic fluid to be 
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forced from its ſituation by the magnetiſm of 
the earth, and is retained in its altered ſituation 
by the cloſing of the pores when the vibration 
SR 

9. An electric ſhock dilating a needle for a 
moment, gives it, for the foregoing reaſon, 3 
magnetic virtue. 


I. THERE IS A TENDENCY IN IRON AND A MAGNET 
TO APPROACH EACH OTHER, AND ATTACH 
THEMSELVES TOGETHER, AND THAT WITH 
SUCH FORCE, AS OFTEN TO REQUIRE A C0N- 
SIDERABLE WEIGHT TO SEPARATE THEM, 


This curious property of the magnet was that 
by which it was firſt diſcovered, and by which it 
engaged the attention of the curious. Every 
ſubſtance which contains iron is more or le 
attracted by the magnet, with one exception, 
as Henckel, Gellert, and Brand aſſert, that the 
ſmalleſt quantity of antimony mixed with iron 
prevents its being attracted by the magnet. 
Mr. Burgman uſed the following method to 
diſcover the ſubſtances which are attracted by 

the magnet, he placed the bodies which he in- 
tended to examine on pure, water or very pure 
mercury, 
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mercury; either directly on the ſurface, or on a 
piece of paper, when on the approrch of a 
ſtrong magnet; they will be ſenfibly attracted, 
although the attract ion could be diſcovered by 
no other method ; in this way he found martial 
ts ſtrongly attracted by the magnet. How- 
deit, in general, iron when involved in a coat- 
ing of ſaline matter is attracted leſs ſtrongly in 
proportion as it is more intimately united to 
the ſalts. The attraction of iron is ſtrongeſt 
when it is moſt deprived of oily, ſulphureous, and 
ſaline particles, Spirit of nitre poured on iron 
which is acting on a magnetic needle, will di- 
miniſh its action. 


EXPERIMENT 1. 


Place a piece of iron on a cork, and put the 
cork into water, the piece of iron will be at⸗ 
tracted. by, and follow a magnet, in a pleaſing 
manner. The tendency between the magnet 
and the iron. is reciprocal ; for if the magnet. be 
put on the cork, it will follow the iron, in the 
lame manner as this followed the magnet. 

On this principle many ingenious and enter- 
taining pieces of mechaniſm have been con- 
tnved. Small ſwans ſwiming in the water 
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EXPERIMENT 11. 


Place a magnet upon one of the braſs funds 
and preſent one end of à ſmall needle towards 
it, holding the other end by a piece of thread, 
to prevent che needle fixing itſelf to the bar, 
and the needle will be pleaſingly ſuſpended in 
the air; the needle will remain fufpended, al. 
though a piece of paper, glaſs, braſs, &c. be 
introduced between the magnet and the nee- 
dle. . | 


EXPERT MENT III. 


Seſpend a magnet inde the ſcale of a ba- 
lance,” and counterpoiſe it by. weights 1 in the 
other ſcale, chen preſent a ede of iron towards 
the magnet, it will ur ardy deſcend, and, 
if the iron is not placed at too great a diſtance 
will adhere to it: now ſuſpend the iron undet 
the ſcale inſtead of the magnet, then bring the 
latter towards it, and the iron wWill deſcend and 
adhere to the N | i 
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Z2PBEIMENT Tv. 
wol 2 
Hold one end of the magnet at about © Kal an 
inch from ſome ſteel flings, and theſe will fly to 
the magnet and form a kind of beard about the 
end of the magnet. 


II. THERE ARE. CERTAIN . POINTS IN A 
MAGNET IN WHICH ITS VIRTUES SEEM 
A8 IT WERE CONCENTRATED, WHICH ARE 
CALLED ITS POLES. 


EXPERIMENT v. 
Let a magnet be placed on one of the braſs 
ſtands contained in the apparatus, and then try 


ant number of iron balls it will ſuſtain at 

© WY different parts; it will be found to fupport moſt 

near the ends, evincing that the magnetic power 

10 1s exerted there with the greateſt force, | 

6 Take out the ſtee} needle from the facturer, 

8 the two pillars ab, fig. 177, and place in its ſtead 
the needle, one half of which is made of fteel, 


- the other half of braſs, the ſteel part of this nee- 


dle is to be touched; on preſenting the fouth 


end of a —__ to the end of the arch, this will 
1 repel 
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repel the end of the needle to a certain degree, 
but on moving the magnet progreſſively for. 
wards, the needle will gradually fall down till 
t comes to Zero. If the magnet is moved 
further the needle will be attracted. 


TO FIND THE POLES OF A MAGNET. 
EXPERIMENT VL. 


| Let a magnet be placed under one of thoſe 
panes of glaſs which are cantained in the bot- 
tom of the box ; ſift ſome ſteel filings on this 
glaſs, and then ſtrike it genily with a key, in 
order to throw the glaſs into a vibratory mo- 
tion ; this will diſengage the filings, and they 


will ſoon be arranged in a pleaſing manner: 


thoſe parts of the magnet from which the 
curves ſeem to, take their riſe, and oyer which 
the filings ſeem to be almoſt erect, are the 
poles of the magnet: or roll the magnet or 
loadſtone in ſteel filings, which will adhere in 


a greater quantity, and more ſtrongly to thoſe 


parts, that are near the poles ; and thoſe particles 
which are over the poles will be perpendicular 
to the bar, the other particles will incline to- 
wards the poles. If a ſmall needle be placed 
| in 
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in a glaſs ball and carried over the magnetic 
bar, it will ſtand perpendicular to the bar when 
it is over either of the poles, the various 
inclinations of a piece of ſtee], and at different 
parts of a magnet, may be pleaſingly obſerved 
by this little apparatus. 

In this, as well as many other magnetical ex- 
periments, a mechanical force is evidently ex- 
erted, detaching the particles of iron from one 
ſituation, removing them to another, and then 
retaining them there with conſiderable force. 


. 


The poles of a magnet may be aſcertained 
with greater accuracy by means of the ſmall 
dipping needle, fig. 117, place this on a mag- 
net, and move it backwards and forwards till 
the needle is perpendicular to the magnet, it 
will then point directly to one of the poles. 
When it is between the north and ſouth poles, 
ſo that their mutual actions balance each othei 
the center of the needle will ſtand over what 
is called the equator of the magnet, and the 
needle will be exactly parallel to the bar. If it 
is then removed towards either pole, it will be 
differently inclined according to its diſtance 
from the poles. 
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EXPERIMENT VIII. 


Hold a common ſmall ſewing needle (with 
ſome thread in its eye) near a magnet for a 
few ſeconds, then bring it gradually towards 
the middle of a magnetic bar, and the powers 
of the magnet will fo far counteract the force 
.of gravity as to keep it ſuſpended in the air, 
in a poſition which 1s nearly parallel to. that of 
the magnet. | 

There is no magnetical attraction Wale 
polarity; it is conſequently abſurd to ſuppoſe, 
that a magnet may have a ſtrong attractive 
power, but a weak polarity, or directive 
power.. 


III. THE CONTRARY POLES OF TWO MAGNETS 
ATTRACT EACH OTHER. 

THE NORTH POLES OF TWO MAGNETS, WHEN 
BROUGHT CONTIGUOUS, REPEL EACH OTHER. 


THE SOUTH POLES ALSO, WHEN BROUGHT 


" NEAR, REPEL EACH OTHER. 


| Theſe hs are eaſily rated by a 
vouny of pleaſing experiments, 
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EXPERIMENT Ix. 


Suſpend on à point a touched needle, then 
preſent towards its north pole the ſouth pole 
of a magnet, and it will be attracted by, and 
fly towards it; preſent the other pole of the 
magnet, and the needle will fly from it, 


EXPERIMENT X. 


Strew a few ſteel filings upon a pane of glaſs, 
put either the north or ſouth pole of one of the 
bars under the pane ; the filings will riſe upon 
the glaſs as the magnet approaches. Bring 
the fame pole of the other bar directly over 
that under the glaſs, and when it is at a pro- 
per diſtance, the ſteel filings will drop flat on 


the pane, 


EXPERIMENT XI. 


Fix two needles horizontally in two pieces of 
cork, and put them in water; if the poles of 
the ſame name are placed together, they will 
mutually repel each other. If the poles of a 
contrary denomination are turned rowards each 
other, they will be attracted and join. 

EXPERI- 
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EXPER-IIMENT XII. 


Dip the north or ſouth ends of two magnets 
in ſteel filings, which will hang in cluſters 
from the end of the bars; bring the ends of 
the bars towards each other, and the ſteel filings 
on one bar, will recede from thoſe on the other. 
Dip the ſouth pole of one magnet, and the 
north pole of the other, into ſteel filings, then 
let the ends be brought near to each other, and 
the tufts of filings will ynite, forming ſmall 


circular arches, 


IV. THE POWERS OR PROPERTIES OF A 
MAGNET MAY BE COMMUNICATED TO IRON 
OR STEEL, 


To give a detail of the various proceſſes 
which have been ſuggeſted, for the touching 
or communicating the properties of the mag- 
net to iron or ſteel, would alone fill a volume, 
I ſhall therefore only give an account of two 
general and good methods which I preſume. 
will be found adequate to every common pur- 
poſe, 

1. Place two magnetic bars AB, fig. 100, in 
a line, with the north or marked end of one, 

oppoſed 
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eppofed to the ſouth or unmarked end of the 
ether, but at ſuch a diſtance from each other, 
that the magnet to be touched may reſt with its 
marked end on the unmarked end of A, and 
its unmarked end on the marked end of B, then 
apply the north end of the magnet D and the 
fouth end of E to the middle of the bar C, 
the oppoſite ends being elevated as in the 
figure ; draw D and E aſunder along the bar C, 


one towards A, the other towards B, preſerv- 


ing the ſame elevation, remove D and C a foot 
or two from the bar when they are off the 
ends, then bring the north and ſouth poles of 
theſe magnets together, and apply them again 
to the middle of the bar C as before ; repeat 


the ſame proceſs five or fix times, then turn 


the bar, and touch the oppoſite ſurface in the 
ſame manner, and afterwards the two remain- 
ing ſurfaces, and by this means the bar will 
acquire a ſtrong fixed magnetiſm. 

2. Place the two bars which are to be touch- 
ed parallel to each other, and then unite the 
ends by two pieces of ſoft iron called ſuppor- 
ters, in order to preſerve, during the operation, 
the circulation of the magnetic matter; the 
bars are to be placed ſo that the marked end D, 
hg. 101, may be oppoſite the unmarked end B, 
then place the two attracting poles G and I 
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on the middle of one of the bars to be touch. 
ed, raiſing the ends ſo that the bars may form 
an obtuſe angle of 100 or 120 degrees; the 
ends G and I of the bars are to be ſeparated 
two or three tenths of an inch from each other, 
Keeping the, bars in this, poſition, move them 
ſlowly over the bar AB, from one end to the 
other, ; going, from end to end about -fiſtcen 
times. Having done this, change the poles 
of the bars *, and repeat the ſame, operation 
on the bar CD, and then on the oppoſite 
faces of the bars; the touch, thus communi- 
cated, may be farther increaſed, by rubbing the 
different faces of the bars with ſets of peg 
bars diſpoſed as in fig. 1-27 

It ſeems, that in order to render ſteel agnus; 
tical, we muſt ſo diſpoſe the pores that they 
may form contiguous tubes parallel to each 
other, capable of receiving the magnetic fluid, 
and then propagating and perpetuating its mo- 
tion, ſo that the magnetic ſtream may enter 
with eaſe, and be made to circulate through 
it with the greateſt force: to this end, it is ne- 
ceſſary to be particularly attentive in the choice 
of the ſteel which is to be touched; * grain 


* "That is the marked end * one is aways to be ut 
the unmarked end of the other. | 


ſhould 
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ſhould be equal, ſmall, homogenous, and wich- 
out knots, that it may preſent a mumber of 
equal and uninterrupted channels to the flnid, 
from one end to the other: this is more imme- 
diately important in the choice of the ſteel for 
the needles of ſea commpaſſes, for, if the ſteei is 
impure, ar the mode of touching improper, the 
needle may have different poles communicated 
to it, which will more or leſs impede the action 


6 mens Let: he 1 
ſtrength and ſituation. 1000 
The ſteel ſhould be well tempered, that the 1 
pores may preſerve for a long time the diſpoſi- 14 
tion they have received, and better neſiſt thoſe MEM 
changes in their direction, to which iron and 1 
ſoft ſteel are bable, The difference in the na- 14 
ture of ſteel is Exceeding great, as is eaſily (180 
proved by touching in the ſame manner, and 14 | 
vith the ſame bara, two pieces of ſteel of equal 119 
fize, but of different kind. | We 1H | 
Steel that is hardened, receives a ende N 
magnetiſm than foft ſteel, thaugh it does not 1 


2 


appear that they differ from each other in any 
thing but che arrangement of the parts; perhaps 
the ſoft ſteel contains phlogiſton in its largeſt 
pores, while hardened ſteel contains it in the 
imalter, Iron, or ſteel, have very little air 
pared: in their pores ; when they are ſe- 
ſeparated 
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parated from the ore, they are expoſed to a moſi 
intenſe degree of heat, and moſt of the changes 
to which they are afterwards ſubmitted, are effect. 
ed in a red hot ſtate. A piece of ſpring-temper: 
ed ſteel will not retain as much magnetiſm as 
hard ſteel, ſoft ſteel ſtill leſs, and iron ſcarce re- 
tains any. From ſome experiments of Mt. 
Muſſchenbroek, it appears, that when iron is 
-united with an acid, it will not become magnet- 
ical; but if the acid is ſeparated, and the phlo- 
giſton reſtored, it will become as magnetical as 
Son 

The dimenſions and ſhape of a-magnet will 


make a difference in its force, therefore the bas 


to be touched, ſhould neither be too long not 
too ſhort, but in proportion to the thickneſs; 
if they are too long, the paſſage of the magnetic 
matter coming out of one pole, and proceed- 
ing round the magnet to enter the other, will 
be impeded, and its velocity leſſened; If they 
are too ſhort, the fluid which comes out from 
one pole, will he repelled and thrown back by 
the other acting parts of the magnet, and thus 
be carried too far from the pole into which it 
ought to enter, and prevent the continued cir- 
culation of the magnetic matter. If they are 
too thin, then the number of pores are too few 
to receive a ſtream ſufficiently ſtrong to reſiſt 


: 
| 
{ 
: 
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che obſtacles in the external ſpace; while, if 
they are too thick, the ſtrait and regular di- 
rection of the channel is injured by the difficulty 
which takes place in the arrangement of the in- 
terior channels, as the magnetic matter has not 
ſufficient force to penetrate the ſteel to any con- 
ſiderable depth, and thus injures the circulation 
of the fluid. 

All the pieces ſhould be well poliſhed; it is 
"of the greateſt importance that the ends ſhould 
be flat and true, ſo as to touch in as many 
points as. is poſſible, the ends of ſoft iron which 
keep up the circulation. Inequalities on the 
faces, but principally near the poles, are to be 
avoided, as theſe occaſion irregularities in the 
circulation, and thus diminiſh its velocity, which 
1s one of the principal ſources of magnetic 
power. | 

While the bars are touching, the ends of ſoft 
iron ſhould be kept in conſtant contact with the 
bars, for a momentary ſeparation is ſufficient to 
deſtroy the effect of the operation, as the fluid 
will be inſtantly diſperſed in the air. 

The operator ought not to ſtop longer on the 
firſt bar than is neceſſary to open the pores, and 
to arrange them magnetically, paſſing immedi- 
ately to the other, to form an opening for the 
fluid which iſſues from the firſt, 

5 N 
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It is moſt advantageous to turn the bar that is 
quitted, while the touching magnets are placed 
on the other; by this means, the ſtream that is 
to be excited will diſpoſe the channels of the firſt, 
and thus render the operation more efficacious ; 
beſides, by only turning one bar at a time, the 
touching bars need never be totally removed 
during the whole operation, a circumſtance which 
will contribute to the ſtrength of the magnet. 

The touching bars ſhould never be ſeparated 
but at the equator: of the magnet; and their 
motion over the others ſhould be ſlow and re- 
gular. FR 

The magnetic power of touching needles has 
been increaſed by leaving them for ſome time in 
linſeed oil. 

It may contribute to the effects of the ope- 
ration if the bars A and B, fig. 100, are placed 
in the direction of the magnetic meridian, and 
are inclined to the horizon in an angle equal to 
the dip of the needle. _ 

The fixed power, thus communicated to a 
magnet, is impaired if it is laid amongſt iron, 
or by ruſt; it may be injured alſo by fire, as each 
of theſe circumſtances will change, or confuſe 
the direction of the magnetic ſtream. | 

Place a ſmall magnetic needle on the point of 
one of the ſmall ſtands, and put it between two 
| | mag- 
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magnetic bars, ſo that the north end of the bar 
may be near the ſouth end of the needle ; the 
ſmall needle will, without any apparent cauſc, 
be thrown into a violent vibratory motion, and 
ſeem as it were animated, till it is ſaturated with 
magnetiſm, when 1t will become quieſcent; The 
vibratory motion is probably occaſioned by the 
regularity of the impreſſions it receives from 
the magnetic fluid, and the difficulty that fluids 
find in entering the needle. 

All cauſes that are capable of making the mag- 
netic fluid move in a ſtream, will produce mag- 
netiſm 1n thoſe bodies which are properly . 
lified to receive ĩt. 

If bars of iron are heated, and then WT 
equally, in various directions, as parallel, per- 


pendicular, or inclined to the dipping ncedle, 


the polarity will be fixed according to their po- 
ſition, ſtrongeſt when they are parallel to the 
dipping needle, and ſo leſs by degrees, till 
they are perpendicular to it, when they will 
have no fixed polarity ; but if upon cooling a 
bar of iron in water, the under end is conſider- 
ably hotter than the upper, and the upper end 
ls covled firſt, it will ſometimes become the 
torth pole, but not always. If iron, or ſtecl, 
undergo a violent attrition in any one particu- 
lar part, they will acquire a polarity; if the 
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iron is ſoft, the magnetiſm remains very littk NN 

longer than while the heat continues. Light. ain; 
ening is the ſtrongeſt power yet known in pro- mil 

ducing a ſtream of magnetiſm ; it will, in an in- 

ſtant, render hardened ſteel ſtrongly magnetical, 

and invert the poles of a magnetic needle. 

To make a magnetical bar with ſever Tour 
poles, place magnets at thoſe parts where the "Ip 
poles are intended to be, the poles to be of od 
contrary name to thoſe required, and if a fouth il E.. 
pole is fixed on one part, the two next places ue 
muſt have north poles ſet againſt them; com 

ſider each piece between the ſupporters as a 
ſeparate magnet, and touch it accordingly. 1 
15 EXPERIMENT XIII. 4 
Take a piece of iron wire and bend it into tie e ſuſtair 


form of a ſtaple, then touch the middle of te circulatic 
wire ſtaple with only one of the poles of a mag: * conver 
net; without moving it backwards or forward, Place 
the place where the magnet touches the wir * the he 
will be one pole, and the two ends the other de bar a 


pole. ; intende 
| ; of the oth 
EXPERIMET KxIV. The cont 
= | 1 the other 

the . 
Take any number of ſmall ſteel bars, lay magneric 


end to end, and touch them while in this pol 
tion 
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tion ; when you ſeparate them there will be a 
north and a ſouth pole at every ſeparation. See 
a ſimilar experiment in the eſſay on electricity. 
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Touch a piece of iron wire, and then twiſt it 
about a large glaſs tube or any other cylindrical 
body, and the magnetic virtue will be ſo diſ- 
wibed that in ſome parts it will attract, and in 
others repell the ſame pole of a magnetic needle, 


TO TOUCH HORSESHOE MAGNETS. 

As theſe magnets from their form are capable 
of ſuſtaining great weights, and maintaining the 
arculation of the magnetic fluid, I ſhall deſcribe 
convenient mode of touching them. 

Place a pair of magnetic bars againſt the ends 
of the horſeſhoe magnet, with the ſouth end of 
the bar againſt that end of the horſeſhoe, which 
is intended to be the north; and the north end 
of the other bar to that which is to be the ſouth: 
The contact or lifter of ſoft iron to be placed at 
the other end of the bars. In this ſituation the 
magnetic fluid which circulates through the 

Ee 2 | bars 
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bars will endeavour to force a paſſage through 
the horſeſhoe. magnet, and thus facilitate the 
further communication of the magnetic virtue 
to the horſeſhoe magnet: to this end, rub the 
ſurfaces of the horſcſhoe with a pair of bars placed 
inthe formof a compaſs turning the poles properly 
towards the poles of the horſeſhoe-magnet, be- 
ing careful that theſe bars never touch the ends 
of the ſtrait bars,. as. this. would diſturb the 
current of the magnetic fluid, and injure the 
operation. If the bars are ſeparated ſrddenly 
from the horſeſhve-magnet, its force will be con- 
ſiderably diminiſhed ; to prevent this, {lip on 
the lifter or ſupport to the end of the horſeſhoe- 
madnet,.but in ſuch a manner, however, that it 


may not touch the bars, the bars may then be 


taken away, the ſupport ſlid to its place, 
and left there to ſtrengthen. the circulation d 


the fluid. 


TO MAKE AN ARTIFICIAL LOAD STONE 


The late Dr. Gowin Knight poſſeſſed a ſurpriſ- 


ing {kill in magnetiſm, being able to commu 
cate an extraordinary degree of attractive and 
repulſive power, and to alter or reverſe the pole 
at pleafure, but as he refuſed to diſcover his 
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* WI zcthods, theſe curious and valuable ſecrets 
WT cd with him. In the LXIXth volume of the 


Philoſophical Tranſactions, however, Mr. Ben- 


0 

e jamin Wilſon has given a proceſs, which du- 
| WF covers one of the leading principles of Dr. 
YN WW Knight art; namely his method of making 
- WE artificial loadſtones.— To this end Dr. Knight 
's Wl provided himſcif with a ſufficient quantity ſof 
e Jean iron filings, he put them into a large tub 
ie i nore than one third filled with water, he then 
ba great labour worked the tub to and fro for 


"- WW many hours together, that the friction between 

onde grains of iron by this treatment, might break 

c fuch ſmaller parts as would remain ſaſpended 

f u the water for a time. The obtaining theſe 
e 


wry ſmall particles in ſufficient quantity, ſeem- 
d to him to be one of the principal deſiderata 
n the experiment. The water being by this 
means rendered muddy, he poured the fame in- 
va clean iron veſſel, leaving the filings behind, 
ad when the water had ſtood long enough to 
become clear, he poured 1t out carefully, with- 
putdiſturbing ſuch of the ſediment as ſtill remain- 
el, which now appeared reduced almoſt to an 


NE. 


priſ⸗ 


yu Mmplpable powder. This powder was after- 
= Ras removed into another veſſel in order to 
* Git, but as he could not obtain a proper quan- 
nis 


lty thereof by this one proceſs. he was obliged 
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do repeat the proceſs many times. Having at 
laſt procureda ſufficient quantity of this fine pow- 


der, the next thing was to make a paſte of it; In a 
and that with ſome vehicle that ſhould contain carried 
a ſufficient quantity of the phlogiſtic principle, applyi: 


for this purpoſe he uſed linſeed oil, and with magne 
thoſe two ingredients he made a puff paſte, and and it 
rook particular care to kneed it well before he feet to 
moulded it into convenient ſhapes. This paſte va ed by 
then put on wood or tiles at about a foot diſtance lifter, 

from a moderate fire, a great degree of hea be cart 
frequently cracked the compoſition. The time it to ad 


for breaking or drying this paſte was generally The 
five or ſix hours, at which time they had ge- geniou 
nerally attained a ſufficient degree of hardnels; nets, i 
when this was done, he gave them the magnetic the dif 
virtue in any direction he pleaſed by placing creaſes 


them for a few ſeconds between his large magi- 
zine of artificial magnets, where they acquired 
ſuch force, that when any of their pieces were 
held between two of his beſt ren guinea bar, 
with its poles purpoſely inverted, it immediately 
turned itſelf about to recover its natural direction, 
which the force of thoſe very powerful bars were 
not able to counteract. 

Ruſt of iron and common ſtone cements 
together by any fat ſubſtance will alſo form 2! 


artificial loadſtone. 
Of 
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at o ARMED MAGNETS. 

We 

t; In a ſtrait loadſtone or magnet, the ſtream is 
un carried back on all ſides in curved lines, but 


le applying plates of ſoft iron to the poles of the 
ith magnet the direction of the fluid is changed, 
nd and 1t 1s conducted, united and condenſed at the 
he feet to the armour, ſo that if the feet are connect- 
ed by another piece of iron which is called the 
lifter, the ſtream proceeding from one pole will 
be carried by the lifter to the other, which cauſes 
it to adhere with conſiderable force. 
The armour ſhould be made of ſoft hofno- 
genious iron, well fitted to the ends of the mag- 
nets, it ſhould alſo be thicker in proportion as 
the diſtance of the poles from each other in- 
creaſes. 


EZPEREMENT XVI. 


Place an armed magnet under a glaſs plane 
which has been ſtrewed over with ſteel filings, 
and theſe will arrange themſetves in curves from 
one foot of the armour to the other. 

Gaſſendi invented a peculiar kind of armour, 
which was formed by piercing a magnet in the 
Ee 4 direction 
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direction of the axis, and placing a cylinder of 
iron in the hole, which augmented conliderably 
the force of the magnet, 


* 
E XP ERIM ENT XvIL. 


Mr. Van Swinden applied to an artificial 
magnet B. fig. 106, which ſupported four 
ounces by its north pole, another magnet 3, 
ſo that its north pole was almoſt half an inch 
from the pole which ſupported the weight, and 
this pole immediately ſupported ſeven ounces, 
Du Hamel, Le Maire, &c. have alſo made 
many curious experiments on this head. 


EXPERIMEN T XVIII. 


Apply a bar of iron M N, fig. 107, to one 


foot of an armed magnet, and it is ſupported, 
approach the iron lifter of the magnet fo that it 
may touch this bar and the armour ; and the bar 
will fall. 


EXPERIMENT XIX, 
Apply to the pole B, fig. 108, a ſmall piece 


of iron, .nearly as much as that foot of the 
„„ armour 
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armour will ſuſtain ; let this piece of iron reach 
a little beyond the foot of the armour, then 
apply the lifter to the foot A, ſo that it may 
touch the piece of iron M; and the magnet will 
then ſupport a conſiderable addition of weight, 


* 
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If one end of the armour of a magnet only 
juſt ſuſtains an iron ball, it will ſupport two or 
three balls, if the contrary pole of a magngt is 
brought near it. 


KZPERIMENT X. 


Place an armed magnet at the magnetic 
equator and ſome diſtance from a magnetic 
needle, and mark how much it makes it deviate 
from its ſituation. Apply the contrary pole of 
another magnet to the end of the armed one, and 
the needle will be more ſtrongly attracted. 


V. LET AN IRON ROD BE EXACTLY BALANCED 
AND SUSPENDED ON A POINT, SO AS TO 
REVOLVE IN A PLANE PARALLEL TO THE 
HORIZON; COMMUNICATE THE MAGNETIC 

VIRTUE 
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VIRTUE TO THIS ROD, AND ONE EXTREMITy 
WILL BE ALWAYS DIRECTED TOWARDS THz 
NORTH, 


EXPERIMENT XXII. 

Place any of the untouched needles in the 
apparatus on a point, and it may be fixed, or 
will remain in any required ſituation; com- 
municate the magnetic virtue to it, and it will 
no longer be indifferent as to its ſituation; but 
will fix upon one, in preference to any other, 
one end pointing towards the north, the other 
towards the ſouth, 


© P22 4.M ® KT nr. 


Float a magnet on water by means of cork, 
and it will place itſelf in the direction of the 
magnetic meridian; A terella floated on quick- 
ſilver will. do the ſame, the magnetic axis con- 
forming itſelf to the direction of the meridian. 

It is not improbable, that in ſome future pe- 
riod, it may be diſcovered, that moſt bodies 
are poſſeſſed of a polarity, and will aſſume di- 

| rections 
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tections relative to the various affinities of the 
elements of which they are compounded. 

The directive power of a touched needle is 
of the greateſt importance to mankind, as it en- 
ables the mariner to traverſe the ocean, and thus 
unite the arts, manufactures, and knowledge of 
diſtant countries, together. The ſurveyor, the 
miner, and the aſtronomer, derive many ad- 
vantages from this wonderful property. 

The mariner's compaſs conſiſts of three parts, 
the box, the card or fly, and the needle. 

The card is a circle of ſtiff paper repreſent- 
ing the horizon, with the points of the compaſs 
marked on it; the magnetical needle is fixed to 
the under fide of this card ; the center of the 
necdle is perforated, andacap, witha conical agate 
at its top, is fixed in this perforation; this cap is 
hung on a ſteel pin, which 1s fixed to the bot- 
tom of the box, ſo that the card hanging on the 
pin turns freely round its centre; one of the 
points being from. the property of the needle 
always directed towards the north pole. The 
box which contains the card and needle, is a 
circular braſs box hung within a ſquare wooden 
one, by two concentric rings called jimbals, fo 
fixed by croſs centres to the two boxes, that the 


inner one ſhall retain an horrizontal poſition in 


21] motions of the ſhip. The top. of the inner 
box 
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box has a cover of glaſs to prevent the card from 
being diſturbed by the wind.“ 

It has been already obſerved, that the anti- 
ents, do not ſeem to have been acquainted with 
the directive power of the magnet. The only 
thing that ſeems capable of being miſtook for 
fome ſuch knowledge, 1s what Jamblichus tells 
us in his life of Pythagoras, That Pythagoras took 
from Abaris, the Hyperborean, his golden dart, 
without which it was impoſſible for him to find his 
road. But the authority of the writer, as well 
as the obſcurity of the paſſage, preyents any 
_ concluſion being drawn from it. 

Paul the Venetian, is ſaid to have introduced 
the uſe of the compaſs in 1260, but this is ſaid 
not to have been his own invention, but bor- 
rowed from the Chineſe. P. Gaubil ſays, the 
directive power of the needle was known to the 
Chineſe as early as the year A. D. 223, under 
the Dynaſty of Haz. But the Abbi Renaudot 
in his Diſſertation on the Stone, when the Ma- 
homedans went firſt to China, has adduced 


* Before the compaſs was invented, the navigating of 
ſhips was a tedious and precarious operation, and ſeldom 
performed out of ſight of land; but this inſtrument en- 
ables the mariner to travel over the ſeas almoſt 1 in as direct 
and true a tract as the land carrier directs his carriage in a 


well beaten road. 
—_ 
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ſtrong reaſons to prove that the Chineſe knew 
nothing of the mariners compaſs, till it was in- 
troduced there by the Europeans. Vertomanus 
affirms that A. D. 1500 he faw an Eaſt Indian 
pilot, direct his courſe by a compaſs framed, 
and faſtened like thoſe uſed in Europe; but this 
muſt be received with ſome caution, as Mr. 
Barlow in 1597, ſays that in a perſonal conference 
with two Eaſt Indians he was told by them thar 
inſtead of our compaſs they made uſe of a mag- 
netical needle of ſix inches or longer, ſer upon /a 
pin in a diſh of white China earth filled with 
water; that in the bottom of the diſh they had 
two croſs lines, to mark the four principal winds, 
and that the reſt of the diviſions were left to the 
ill of the pilot. But to return to Europe, 
Mr. Perrault in his parallel between the antients 
and the moderns has cited ſome verſes of Guyot 
de Provins, who wrote in 1180, which ſhew 
diſtinctly that the mariners compaſs was known 
in the South of France at that time. 
There is, ſays he, 
« A ſtar that never moves, 
« And an art that ne'er decelves, 
<«, By virtue of the compaſs, 
« An ugly black ſtone © | 
© Which always attracts iron.“ | 
Though by moſt writers the · invention. of the 
i CON 
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compaſs is aſcribed to Flavio Gom of Analſi in 
Campanee, who lived about the year 1300. He iz 
ſaid to be the firſt that applied it to navigation 
in the Mediterranean. 

Mr. de Lalande informs us that in „Le 
trèſor de Brunet, a manuſcript in the French 
king's library, there is a paſſage which proves 
that the compaſs was made uſe of about the year 
1260, 


VI. THE NEEDLE OF THE MARINER'S COMPASs, 

DOES NOT POINT EXACTLY TO THE NORTH, 
BUT 1S OBSERVED To CHANGE ITS AZIMUTH, 
POINTING SOMETIMES TOWARDS THE EAST; 
AND SOMETIMES TO THE WEST OF THE 
MERIDIAN. 


Fig. 109, N S, repreſents the true merridian 
line; and E 8, the eaſt and weſt line which is 
perpendicular to it; now the magnetic needle 
AB, does not direct itſelf ſo as to coincide with 
the meridian line N S, but ſeparates itſelf ſo as 
to form an angle N CB, at preſent of about 
22 degrees. 

This deviation from the meridian is called 
the variation of the needle, and is different at 
different parts of the world, being weſt at ſome 
Plages, [caſt at others. and in parts where the 


variation 
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yariation 1s of the ſame name, its quantity is 
very different. 

Though the direftive power of the compaſs 
was applied to the purpoſes of navigation in the 
fourteenth and fifteenth century, it does not 
appear that there were any apprehenſions during 
that time of its pointing otherways than due 
north and ſouth. 1 

The variation of the compaſs is ſaid to have 
been firſt diſcovered by Columbus, in his voy- 
age, the latter end of the fifteenth century, for 
the diſcovery of that part of the world which is 
now called the Weſt Indies. But the firſt perſon 
who diſcovered that it was real, and was the 
ſame to all needles in the ſame place, is generally 
allowed to be Sebaſtian Cabot. This was about 
the year 1497. 

After the variation was diſcovered by Cabor, 
it was thought, for along time, to be invariably 
the ſame, 'at the ſame places, in all ages; bur 
Mr. Gellibrand, about the year 1625, diſcover- 
ed that it was different at different times, in the 
ſame place. 

From ſucceſlive obſervations made afterwards, 
it appears that this deviation was not a conſtant 
quantity, but that it gradually diminiſhed, and 
at laſt about 1660 it was found that the needle 
pointed due north at London, and has ever ſince 

been 
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been increaſing to the weſtward of the north; 
So that in any one place the variations have a kind 
of libratory motion, traverſing through the north 
to unknown limits eaſtward and weſtward. 

Dr. Halley in the laſt century publiſhed 3 
theory of the variation of the compaſs: In this 
work, he ſuppoſes that there are four magnetic 
poles in the earth; two of which are fixed, and 
two moveable, by which he explains the different 
variation of the compaſs at different times in 
the ſame place. But it is impoſſible to apply 
exact calculations to ſo complicated an hypo- 
theſis, 

Mr. Euler has ſhewn that two magnetic poles 
placed on the ſurface of the earth will ſufficiently 
account for the ſingular figure aſſumed by the 
lines which paſs through all the points of equal 
variation in the chart of Dr. Halley. 

Mr. Euler firſt examines the caſe wherein the 
two magnetic poles are directly oppoſite; 
ſecondly, he places them in two oppoſite me- 
ridians but at unequal diſtances from the poles of 
the world; thirdly, he places them in the ſame 
meridian. Finally he conſiders them ſituated 
on two different meridians. Theſe four caſes 
may become equally important; becauſe, if it is 
determined that there are only two magnetic 
poles, and that theſe poles change their ſituation, 


N. 
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it may | hereafter be diſcovered that they paſs 
through all the different poſitions. 

Mr. Euler after having examined the different 
caſes, finds that they alſo expreſs the earth's. mag- 
netiſm, as repreſented in the chart publiſhed by 
Meſſrs. Mountaire and Dodſon in 1744, parti- 
cularly throughout Europe and North America, 
if the following principals are eſtabliſhed. 

Between the arctic pole and the magnetic pole 
14* 53 Between the antarctic and the other 
magnetic pole 29* 23, 53 18. the angle at the 
north pole formed by the meridian's paſſing 
through the two magnetic poles, 250 the lon- 
gitude of the meridian; which 1 over che 
northern magnetic meridian. | 

I ſhall now give a ſhort description of a va- 
riation 'compaſs, an inſtrument which is uſed to 
obſerve with accuracy, the deviation of the needle 
from the meridian. 'To this end it ſhould 4 
the following properties. 


1. That it may be ſp. upd W placed 
in the meridian. 


2, It ſhould indicate fnall variations of ue 
needle. - _ - () 


3. That the noniues WHY KY the fall 


variation of the needle * be moved d 
diſturbing it. ; 3 


4. That the needle pee and 
Ff inverted 
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inverted to diſcover whether the line marked on 
the needle coincides with the direction of mag. 
netiſm in the needle. 

Fig. 110 repreſents a variation compaſs which 
it is preſumed will anſwer the foregoing purpoſes, 
It has a glaſs cover which is made to ſlide on 
or to be taken off occaſionally, two graduated 
arches are fixed at each end of the box with a 


moveable nonius to each arch, the nonius are 


both moved by means of the milled nut A. with- 
out diſturbing the ſituation of the needle. 
The inftrument is placed in the meridian by 
a telefcope, whole line of collimation is parallel 
to the zero line of the inſtrument. The teleſ- 
cope is to be placed in two forks, in the manner 
adviſed” by Mr. Magellan in his Collection de 
differens Taites fur des inſtrumens D'Aſtro- 
nomie, &c. p. 227,” where the reader will find 
ſome obſervations on the adjuſtments, which ar 
too long to be introduced in this effay. When 
the inſtrument is placed in the meridian, the 
method of obſerving is to move the northern 
nonius till the middle diviſion coincides with the 
line on that end of the needle; and the nonius 
will then ſhew the angle that end of the needle 


makes with the meridian. If the line on the 


ſouthern end of the needle coincides with the 


middle diviſion of its nonius, the foregoing ob- 


ſervation 


c 
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ſervation. is ſufficient; if not, the. ſouthern no- 


dus mut be moved till it coincides with the 


end of the needle, and the mean between the 
tuo numbers thus found will be the true angle. 


The needle is ſo conſtructed, that it may be 


readily taken off the cap and inverted, in order 
to obſerve with the under face of the needle up- 
permoſt, to diſcover whether the line on the 
needle is parallel to. the direction of the mag- 
netiſm in the needle, and hence diſcover whether 
this line gives the true angle which the direction 
of magnetiſm makes with the meridian, Hav- 
ing made the obſervation as before with both 
ends of the needle, - invert and obſerve what is 
now ſhewn by the inverted ends of the needle, 
ad if the line is parallel to the dreRion, of the 
magnetiſm in the needle, the mean of the ob- 
ſervation with the inverted ends, will agree with 
the foregoing; on the other hand, if it is not 
parallel to the direction of magnetiſm, but 
makes it appear too much when the . needle is 
wright,. it will appear as much leſs when in- 
reried, ſo that the mean of the foregoing means 
the true angle which the needle makes with the 
tero line of the compaſs. 

About the year 1722 and 1723, | Mr. George 
Graham made a great number of obſervations 
on the diurnal variations of the magnetic needle. 
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In the year 1750, Mr. Wargentin took notice 
of the regular diurnal variation of the needle; 
and alſo of its being diſturbed at the time of 
an aurora borealis, About the latter end of the 
year 1756, Mr. Canton began to make ob- 
ſervations on the variation, and 1759 communi. 
cated the followin g valuable ee to the 
Royal Society. 

The obſervations were made by him for bo 
days, on 574, out of theſe, the diurnal variation 
was regular. The abſolute variation of the 
needle weſtward, was encreaſing, from about 
eight or nine o'clock in the morning, till about 
one or two in the afternoon, when the needle be- 
came ſtationary for ſome time; after that the 
variation weſtward was decreaſing, and the 
needle came back again to its m n in 
the "night; « or Hat the next NO" 


THE NY VARIATION ISIRREGULAR WHEN 

' THE NEEDLE MOVES SLOWLY EATSWARD, IN 
THE LATTER PART OF THE MORNING, ox 
WESTWARD IN THE LATTER PART or THE 
AFTERNOON 3* ALSO WHEN IT MOVES MUCH 
EITHER WAY AFTER NIGHT, OR SUDDENLY 
BOTH WAYS IN A SHORT TIME. 


| Theſe irregularities ſeldom happen more than 
once 
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once or twice in a month, and are always ac- 
companied with an aurora borealis. 

The attractive power of a magnet will decreaſe 
while it is heating, and increaſe while it is cool- 
ing; the greater the force of the ſame magnet, 
the more it will looſe in a given degree of heat. 


EXPERIMENT XXIV. 

About ENE from a compaſs, a little more 
than three inches in diameter, Mr. Canton 
placed a ſmall magnet two inches long, half 
m inch broad, and three-twentieths of an inch 
thick, parallel to the magnetic meridian; and at 


ſuch a diſtance, that the power of the ſouth end 


of the magnet was but juſt ſufficient to keep the 


north end of the needle to the NE — or to 


45 degrees. 

The magnet being covered by a braſs kd 
of ſixteen ounces, about two ounces of boiling 
water was poured into it, by which means the 
magnet was gradually heating for ſeven or eight 
minutes; and during that time, the needle 
moved about three quarters of 2 degree welſt- 
ward, and became ſtationary at 44 ; in nine 
minutes more, it came back a quarter of a de- 
gree, or to 44 2; but was ſome hours before 
it gained its former ſituation, and ſtood at 45. 

Ff 3 EXPE- 
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EXPERIMENT XXV. 


On each fide of the compaſs, and parallel to 
the magnetic meridian, he placed a ſtrong mag- 
net, of the ſize above-mentioned ; fo that the 
ſouth ends of both the magnets acted equally 
on the north end of the needle, and kept it in 
the magnetic meridian ; but if either of the 
magnets'was removed, the needle was attracted 
by the other, ſo as to ſtand at 45 degrees. The 
magnets were both covered with braſs weights 
of fixteen ounces each. Into the eaſtern weight 
about two ounces of boiling water was poured; 
and the needle in one minute moved half a de- 
pree, and continued moving weſtward for about 
| ſeven minutes, when it arrived at 293, It was 
then ſtationary for ſome time; but, in twenty 
four minutes from the beginning, it came back 
to 294, and in fifty minutes to 294, He then 
filled the weſtern weight with boiling water, and 
in one minute the needle came back to 1%; in 
fix minutes more it ſtood half a degree eaſt- 
ward; and after that, in about forty minutes, 
it returned to the magnetic north, or its firſt 
ſituation. 

It is evident, that the magnetic parts of the 
earth in the north on the eaſt ſide and the mag- 
netic 
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netic parts of the earth in the north on the weſt 
ſide of the magnetic meridian, equally attract 
the north end of the needle. If then the eaſtern 
magnetic parts are heated faſter by the ſun in 
the morning, than the weſtern, the needle will 
move weſtward, and the abſolute variation will 
encreaſe ; when the attracting parts of the earth 
on each ſide of the magnetic meridian have their 
heat increaſing equally, the needle will be fta- . , 
tionary, and the abſolute variation will then be 
greateſt ; but, when the weſtern magnetic parts 
are either heating faſter, or cooling ſlower than 
the eaſtern, the needle will move eaſtward, or 
the abſolute variation will decreaſe ; and when 
the eaſtern and weſtern magnetic parts are cool- 
ing equally faſt, the needle will again be ſta- 1 | 
| : 
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tionary, and the abſolute variation will then be 1 | 
leaſt, This may be till further illuſtrated, by HY 
placing the compaſs and two magnets, as in the | 
laſt experiment, behind a ſcreen near the middle 14! 
of the day in ſummer ; then, if the ſcreen be 4 N | 


ſo moved, that the fun may ſhine only on the 
eaſtern magnet, the needle will ſenſibly vary in 
its direction, and move towards the weſt ; and 
if the eaſtern magnet be ſhaded, while the ſun 
ſhines on the weſtern, the needle will move the 
contray way. By this theory, the diurnal va- 
riation in the ſummer ought to exceed that in 
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the winter; and we accordingly find by obſer. 
vation, that the diurnal variation in the months 
of June and July, is almoſt _ * of De. 
cember- and January. 

The irregular . variation muſt ariſe 
from ſome other cauſe than that of heat com. 
municated by the ſun; and here we muſt have 
recourſe to ſubterranean heat, which is gene- 
rated without any regularity as to time, and 
which will, when it happens in the north, af. 
fect the attractive power af the magnetic parts 
of the earth on the north end of the needle. 
The Reverend Dr. Hales has a good obſerva- 
tion on this head, in the Appendix to the ſecond 
volume of his Statical Eſſays, which I ſhall 
here tranſcribe. That the warmth of the 
e earth, at ſome depth under ground, has an 
cc influence in promoting a thaw, as well as 
* the change of the weather from a freezing to 
« a thawing ſtate, is manifeſt from this obſer- 
« vation; viz. Nov. 27, 1731, a little ſnow 
« haying fallen in the night, it was, by eleven 
« the next morning, moſtly melted away on 
« the ſurface of the earth, except in ſeveral 
ce places in Buſhy-Park, where there were 
« drains dug, and covered with earth, where 
« the ſnow continued to lie, whether thoſe 


« drains were full of water, or dry; as alſo 
ce where 
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& where elm-pipes lay under- ground; a plain 
« proof that theſe drains intercepted the 
« warmth. of the earth from aſcending from 
« oreater depths below them; for the ſnow lay 
« where the drain had more than four feer 
« depth of earth over it. It continued alſo to 
« he on thatch, tiles, and the tops of walls.” 
That the air neareſt the earth will be moſt 
warmed by the heat of it, 1s obvious; and this 
has frequently been taken notice of in the morn- 
ing, before day, by means of ' thermometers 
at different diſtances from the ground, by the 
Reverend Dr. Miles, at. Tooting, in Surrey 
and is mentioned in p. 526, of the 48th volume 
of the Philoſophical Tranſactions. - 
The aurora borealis, which happens at the 
time the needle is diſturbed by the heat of the 
earth, is ſuppoſed to be the electricity of the 
heated air above it ; and this will appear chiefly 
in the northern regions, as the alteration in the 
heat of thoſe parts will be greateſt, This hy- 
potheſis will not ſeem improbable, if it be con- 
ſidered, that electricity is now known to be the 
cauſe of thunder and lightning, that it has been 
extracted from the air at the time of an aurora 
borealis; that the inhabitants of the northern 
countries obſerve the aurora to be- remarkably 


ſtrong, when a fudden thaw happens after ſe- 


vere 
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were cold weather; and that the curious in theſe 
matters are now acquainted with a ſubſtance, 
that will, without friction, both emit and ab. 
forb the electrical fluid, only by the encraſe 
or diminution of its heat: for f the Tourmalin 
be placed on a plane piece of heated glaſs, or 
metal, ſo that each ſide of it, by being perpen- 
cular to the ſurface of the heating body, may 
be equally heated, it will, while heating, have 
the electricitty of one of its fides poſitive, and 
that of the other negative; this will hkewiſe be 
the cafe when it is taken out of boiling water, 
and ſuffered to cool; but the ſide that was poſi- 
tive while it was heating, will be negative while 
it is cooling, and the ſide that was negative, 
will be poſitive. 


IF A NEEDLE WHICH 1S ACCURATELY BALANCED 
AND SUSPENDED $O AS TO TURN FREELY IN 
A VERTICAL PLANE BE RENDERED MAGNETI- 
CAL, THE NORTH POLE WILL BE DEPRESSED, 
AND THE SOUTH POLE ELEVATED ABOVE 
THE HORIZON. THIS PROPERTY IS CALLED 
THE DIP OF THE NEEDLE, | 


Fig. 111. HO repreſents an horizontal line 


placed in the magnetic meridian de, a line at 
right 
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right angles to it, 5 a the ſituation a needle 
would take at London with reſpect to the hori- 

zon, making with the horizontal line an angle 
of 72 with the vertical line. 

This property was diſcovered by Robert Nor- 
man, about the year 1576, We ſhall give the 
account of the diſcovery in his own words. 

«Having, ſays he, made many and divers com- 
paſſes, and uſing always to finiſh and end them 
before I touched the needle, I found continually 
that after I had touched the yrons with the ſtone 
that preſently the north point thereof would 
bend or decline downwards under the horizon in 
ſome quantity ; inſomuch, that to the flie of the 
compaſs, which before was made equal, I was 
{till conſtrained to put ſome ſmall piece of wax 
in the ſouth part thereof, to counterpoiſe this 
declining, and to make it equal again. 

« Which effect having many times paſſed my 
hands without any great regard thereunto, as 
ignorant of any ſuch property in the ſtone, and not 


before having heard nor read of any ſuch matter ; - 


it chanced at length that there came to my hands 
an inſtrument to be made, with a needle of ſix 
inches long, which needle after I had poliſhed, 
cut off at juſt length,. and made to ſtand level 


upon the pin, ſo that nothing reſted but only the 


touching of it with the ſtone: when I had 
touched 
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touched the ſame, preſently the north part 
thereof declined, down in ſuch ſort, that being 

conſtrained to cut away ſome of that part to make 
it equal again, in the end I cut it too ſhort, and 
ſo ſpoiled the needle wherein I had taken ſa much 
pains. , - 

« Hereby being ſtrokeni into 5 Galen I ap- 
plied myſelf to ſeek further i into this effect, and 
making certain learned and expert men (my 
friends) acquainted in this matter, "they, adviſed 
me to frame ſome inſtrument, to. make ſome exact 
trial, how much the needle touched with the ſtone 
would decline, or what greateſt angle it would 
make witk the plain of the horizon. Thus far 
Mr. Norman.” 

The dipping needle, reprofinted kg. 112 was 
conſtructed by Dr. Lorimer, and j Is deſcribed in 
the Philoſophical Tranſactions, vol. Ixv. part 1, 
page 81, It appears to me better calculated for 
the ſea &rvice than any other I have ſeen it is 
leſs liable to be affected by the motion of the 
ſhip, than thoſe which are ſuſpended by gimbols 
fixed to the upper part of the inſtrument, beſides 
other advantages which are derived from the 
double motion of the needle, - The needle ab 
plays vertically upon its own axis, which has two 
conical points, which are inverted into the oppo- 
fite ſides of the upright parallelogram c 4, intothis 

parallel- 
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parallelogram and at right angles to it, a ſlender 
braſs circle fg h is fixed; this circle is filvered 
and graduated to every half degree upon which 
the needle ſhews the dip: this, for the ſake of 
diſtinction, is called the circle of the magnetic 
inclination. The braſs parallelogram, and con- 
ſequently the circle of inclination alſo, turns ho- 
rizontally upon two other points, the one above 
and the other below, in correſponding ſockets in 
the parallelogramr; theſe points are fixed in a 
vertical circle Ii which is of ſuch a diameter as 
to allow the circle of inclination and parallelo- 
gram to move within it. This ſecond circle 
may be called a general meridian; it is not gra- 
duated, but has a ſmall braſs weight fixed to the 
lower part of it, to keep it upright; and the cir- 
cle itſelf is ſcrewed at right angles; into another 
circle of equal external diameter which is filver- 
ed and graduated on the upper ſide to every half 
degree. It repreſents the horizon, as it ſwings 
freely upon gimbols, and is always nearly paral- 
[el to it. 

The uſe of this inſtrument is very plain, as the 
inclination 'or dip' is at any time apparent from 
inſpe&tion, and alſo the variation; if the frame 
is turned round till the great vertical lines meet 
exactly in the plane of the true meridian : for the 
circle of inclination being always in the needle's 

vertical 
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vertical plane, the edge of it will evidently 
point out: upon the horizon the variation E or 
W. But at ſea, when there is not too mueh mo- 
tion, you turn the frame round, till the vertical 
circle is in the plane of the ſun's rays ; that is till 
the ſhadow of one fide of it juſt covers the other, 
and the edge of the circle will then give the mag- 
netic amplitude, if the ſun is riſing or ſetting ; 
but the azimuth at all times of the day; and the 
true amplitude or azimuth being found in the 
uſual way, the difference is the variation. If the 
motion is conſiderable, obſerve the extremes of 
vibration, and take the mean for your magne- 
tic amplitude or azimuth, This inſtrument has 
a conſtant power in itſelf, not only of ſetting it- 
ſelf in the proper poſition, but alſo of keeping 
itſelf ſo; or of reſtoring itſelf to the ſame ſitu- 
ation, if at any time it has loſt it; and it is cu- 
rious to ſee how, by its double motion, it coun- 
teracts as it were, the rolling motion of the 
veſſel. The degrees ſhewn by each end of the 
needle ſhould be attended to, and the medium 
taken for the true dip or variation : alſo apply 
a good artificial magnet in' ſuch manner as to 
turn the parallelogram and circle of inclination 
half way round horizontally, ſo that the end of 
the axis of the needle which before pointed to 
welt, ſhall now point to the eaſt; and obſerve 
where 
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where the needle ſtands, and if it differs from the 
preceding obſeryation, take the mean which will 
be found as near the truth as it is poſſible for 
any inſtrument to give. 


DESCRIPTION OF A TERELLA AND OF THE MAG- 
NETISM OF THE EARTH. 


If a touched needle is placed near a magnet, 
its direction to the magnetic needle is ſuſpend- 
ed, and it aſſumes a direction relative to its ſitu- 
ation and diſtance from the poles of the mag- 


net. 


* 


EXPERIMENT XXVI. 


Place a ſmall needle on the pointed end of the 
braſs ſtands, and then bring it near the magnet, 
and the needle will direct itſelf differently, 


— to the diſtance from the poles of a 


magnet; 

Move 3 moll dipping needle over a mag- 
net, and by its varied ſituations it will illuſtrate 
the foregoing, obſervation; or, 

Theſe relative ſituations and tendencies may 
be pleaſingly obſerved by placing ſeveral touch- 
ed needles round a magnet at the ſame time. 

Fig. 113, A B repreſents a magnet B the north 


pole, 
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pole, A the ſouth ba, ba, ba, &c. ſeveral ſmall 
magnetic needles placed round the ſouth pole of 
the magnetic ab, ab, ab, ſimilar needles placed 
round the north end: à the north pole of theſe 
needles, þ the ſouth pole, c the center on which 
they turn. From this experiment may be derived 
others accurately inveſtigating the nature of the 
magnetic Curves. 

Now, if the earth is a great magnet, or if a 
large magnet is placed within it, we ſee from 
the foregoing experiment, that magnetic needles 
placed on its furface would have different direc- 
tions in different places, which is conformable to 
experience; and the apparent irregularities in the 
variation of the needle. muſt be occaſioned by 
the ſituation of the magnetic poles of the earth. 

- If the magnetic poles agreed with thoſe of the 
earth there would be no variation, and the mag- 
' netic needle would point to the true north and 
ſouth. If the axis of the magnetic poles paſſed 
through the center of the earth, it would be ealy 
to aſſign the quantity of the variation at every 
place; but as this is not the caſe, to account 
regularly for the variation, it would be neceſſary to 
know the exact ſituation of the magnetic poles of 
the earth, their number, force, and diſtance from 
the real poles, whether they ſhift their place, and 
if they move, the quantity of motion every year. 
Dr, 
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Dr. Haller ſuppoſed the earth to be an hollow 
ſphere, with an internal nucleus in the cavity, he 
looked uponeach part (the external and internal) 
| to be a ſeparate magnet endowed with two] poles, 
| and whoſe magnetical axis were not coincident. 
A compaſs needle on the ſurface of the globe 
. would be acted upon in the ſame manner as it 
would be by a magnet with four poles, and thus 
explains the variation. But as the variation 
changes in proceſs of time, he ſuppoſed that the 
poles do not keep the ſame poſition with reſpect 
to the ſurface of the earth and one another, and 
accounted for this motion, by ſuppoſing that the 
diurnal motion of the earth was impreſſed from 
without, and that the velocity of the internal 
part was leſs than the external. Therefore the 
nucleus would ſeem to turn ſlowly towards the 
weſt, and its poles deſcribe ſmaller circles round 
the poles of the earth. And as the relative poſi- 
tion of the four magnetical poles to each other, 
and to the poles of the earth is changed, ſo muſt 
the direction of the needle be varied. = 

Mr. Euler, who has conſidered the ſubject in 1 90 
erery point of view, and treated it with greater 
perſpicuity than any other writer, ſees no reaſon 
for adopting ſo laborious and complicated an 
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not directly oppoſite to each other, or whoſe mag- one 1 
netic axis does not paſs through the axis of the be pl 
earth, whereby he avoids many difficulties with any 1: 
which the other theory is incumbered. are lil 
In order to inveſtigate the phenomena of the gree c 
variation and the dip of the needle, Gilbert, who M. 
ſuppoſed the earth to be a magnet, ground a load- ſhew 
ſtone into a round figure, like a globe, which he netiſi 
called a terella or little earth, as it exhibited pieces 
in ſome degree the ſame phenomena which five fe 
take place on the different parts of the upper 
ſurface of the earth. But little progreſs, how- end, a 
ever, was made with this inſtrument, as 1t did not be no 
ſufficiently correſpond with the nature of the tat; 
earth's magnetiſm. It has ſince received ſeveral its po 
improvements from Mr. Magellan, but till holdin 
remained very defective. The following improve- ſpace « 
ment by Dr. Lorimer will, I hope, prove of Ing hi 
eſſential ſervice, in diſcovering the laws by which might 
the myſterious properties of the magnet are di- point 
rected. the pla 
This terella conſiſts of a twelve inch terreſtrial are ſim 
globe, ſo contrived that the two hemiſpheres may fue, it 
be ſeparated or united at pleaſure. Two ſtrong if it ha: 
artificial magnets are placed within the globe, will an 


in correſponding ſockets at the center of each 


hemiſphere, but ſo filled that while they act as 
| one 
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one magnet, their extremities or ends may 
be placed in various poſitions, and moveable to 
any latitude within 30 degrees of the pole, and 
are likewiſe moveable round the axis to any de- 
gree of latitude at pleaſure. 

Mr. Savery has adduced ſeveral inſtances to 
ſhew the force and action of the earth's mag- 
netiſm ; among others, that it will ſupport ſmall 
pieces of iron. He hung up a bar of iron, about 
five feet long, by a loop of ſmall cord, at the 
upper end, and then carefully wiped the lower 
end, and the point of a nail, that there might 
be no duſt or moiſture to prevent a good con- 
tat; then holding the nail under the bar, with 
Its point upward, he kept it cloſe to the bar, 
holding only one finger under its head for the 
ſpace of thirty or more ſeconds, then withdraw- 
ing his finger gently downwards that the nail 
might not vibrate ; if it fell off, he wiped the 
point as before, and tried ſome other part of 
the plane at the bottom of the bar. If the ends 
are ſimilar, and the bar has no permanent vir- 
tue, it is indifferent which end is downwards; 
if it has an imperfect degree of polarity, one end 
will anſwer better than the other. 
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The upper end A of a long iron rod, which 
has no fixed polarity, will attract the north end 
of a magnetic needle; the under end B repels the 
north end of the needle; invert the iron bar, 
and the end B, which is now the upper one, 
will attract the north pole of the needle that it 
repelled before; the caſe is the ſame, if the bar 
is placed horizontally in the magnetic mer 
dian, the end towards the ſouth will be a north 
pole. 


Iron bars of windows, which have remained 
long in a vertical poſition, acquire a fixed po- 


larity. Mr. Lewenhoek mentions an iron crols, 
Mr. Canton propoſed to make artificial magnets 
without the aſſiſtance of natural ones ; but in this 
he was miſtaken, for his poker and tongs were 
natural magnets, and had their verticity fixed 
by being heated and cooled in a vertical poſition, 
and an iron or ſteel bar, though without a vert: 
city, while it remains in that poſition exerts 
a polarity, and is able to communicate a fixed 
verticity to the ſmall bar, and is therefore for the 
time a natural magnet. And further, every iron 
bar, from the largeſt ſize to a ſixpenny nail vil 


exert this power when treated as above mention- 
ed, 
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ed. But how this power is raiſed ſo ſoon to a 
degree greatly exceeding that which communi- 
cated it we do not know ; nor is it more eaſy to 
a account for the facility with which the magnetic 


id power is withdrawn by a friction contrary to 
ie that which gave it, 

an 

ie, | 

i THE MAGNETIC MATTER MOVES IN A STREAM 
11 FROM ONE POLE TO THE OTHER, INTERNALLY, 
Ky AND 15 THEN CARRIED BACK IN CURVED LINES, 
wth EXTERNALLY, TILL IT ARRIVES AGAIN AT 

THE POLE, WHERE IT FIRST ENTERED, TO BE 

ned AGAIN ADMITTED. 

po 

ok E X PE RIM EN Tf XXVII. 

nets | 
ts Put one of the glaſs panes over a magnetical 
ere bar, fift ſteel filings on the glaſs, then ſtrike 
ied the glaſs gently, and the filings will diſpoſe them- 
= ſelves in ſuch a manner as to repreſent, with 
* great exactneſs, the courſe of the inagnetic mat- 
Xerts er. The curves by which it returns back to the 
fixed pole, where it firſt entered, are alſo accurately 
r ths expreſſed by the arrangement of the filings. The 
- largeſt curves riſe from one polar ſurface, and 
= extend to the other; they are larger in propor- 
con- 


5 don as they riſe nearer the axis or center of the 
ed. 
1 1 
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polar ſurface ; the curves which ariſe from the 
ſides of a magnetical body, are interior to thoſe 
which ariſe from the polar ſurfaces, and are 
ſmaller and ſmaller in proportion to their dif. 
ance from the ends. That the magnetic mat. 
ter does move back, in a direction contrary to 
that with which it paſſes through the magnetical 
body, is confirmed by its action on a ſmall com- 
paſs needle, when preſented to it at different 
places. See fig. 103. | 

The greater the diſtance 1s between the poles 
of a magnet, the larger are the curves which 
ariſe from the polar ſurface. 


* 


THE IMMEDIATE CAUSE WHY TWO OR MORE 
MAGNETICAL BODIES, ATTRACT EACH OTHER, 
Is THE PASSAGE OF ONE AND THE SAME 
MAGNETICAL STREAM THROUGH THEM. 


. 


EXPERIMENT XXIX. 


Let two magnets be placed at ſome diſtance 
from each other, the ſouth pole of one oppoſed 
to the north pole of the other, lay a pane of glas 
over them, and ſprinkle it with ſteel filings, 
then ſtrike the pane gently with a key, and the 
filings will arrange themſelves in the direction of 
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the magnetic virtue. The filings which lay be- 
tween the two polar ſurfaces, and near the com- 
mon axis, are diſpoſed in ſtrait lines going from 
the north pole of one, to the ſouth pole of the 
other : the pores being now in the ſame direc- 
tion, ſo that the fluid which paſſes through A B, 
fig. 104, finds the pores at the pole a open to | 
receive them, 1t will therefore paſs through this, 
and coming out at & will turn towards A, to con- 
tinue its ſtream through the magnet, and thus 
form one atmoſphere or vortex, which preſſed, 
on all ſides, by the elaſtic force of the other, oF 
carries the magnets towards each other. At 
different diſtances from the axis the filings de- 
ſcribe regular curve lines, which' run from one 
pole to the other, and diverge from each other 
in moving from the ſouth pole till they come 
half way, they then converge more and more, 
till they arrive at the north pole. If the oppoſed 
poles are diſtant from each other, ſome arches 
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will paſs from one pole to the other of the ſame or 

magnet; fewer will be formed in this manner if i 
- they are brought nearer together, and more will 
d proceed from one magnet to the other; the ſtream ; il 
ls of the magnetic matter will ſeem more concen- 1 
9 trated and abundant. il 
0 ; 
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While the magnets remain in the foregoing 
poſition, place a ſmall untouched bar or needle 
in the ſtream of the magnetic virtue; this will 
paſs through it, and give it a polarity in the 
direction of the ſtream. | 


EXPERIMENT XXXI. 


On the ſame principal, a large key, or other 
untouched piece of iron, will attract and ſupport 
a ſmall piece of iron, while it is within the 
ſphere of action of the pole of a magnet, but 
will let them fall when it is out of the magnetic 
ſtream. 


EXPERIMENT XXXII. 
A ball of ſoft iron in contact with a magnet, 
will attract a ſecond ball, and that a third, till 


the ſtream becomes too weak to ſupport a greater 
weight. 
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EXPERIMENT XXXIII. 


Place two magnets parallel to the horizon with 
two poles of the ſame name oppoſed to each 
other, and their diſtance in proportion to the 
ſtrength of the magnets; ſuſpend a needle nicely 
balanced on a thread between them, and either 
pole will attract the needle notwithſtanding their 
mutual repulſion. 


EXPERIMENT XXXIV. 


Put into motion one of the ſmall whirligigs 
with an iron axis, and then take it up by a mag- 
net; it will preſerve its rotatory motion much 
longer than if it were left to whirl on the table; 
a ſecond and a third whirligig may be ſuſpended 


one under another, according to the ſtrength of _ 


the magnet, and yet continue in motion. 


EXPERIMENT XXXV. 


Place a magnet upon each of the braſs ſtands, 
with their poles of contrary names oppoſed to 
each other, and a pleaſing chain of iron balls may 
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be ſuſpended between them. Preſent either pole 
of another magnet towards them, and they will 
fall down. 


EXPERIMENT XXXVI. 


Place two bars in a line with the north end of 
one to the ſouth end of the other, and about one 
third the length of the bar diſtance from each 
other, to which diſtance the power ſeems to be 
ſeparated in moſt bars; place the glaſs panes on 
theſe bars, and then ſift the filings over them, 
and they will range themſelves between the bars, 
in the ſame manner they are ranged about the 
middle of each bar; ſhewing that when the pow- 
ers are ſeparated to this diſtance they act much in 
the ſame manner as when they are ſeparated in 
the ſame bar, 


MAGNETIC REPULSION ARISES FROM THE AC- 
CUMULATION OF THE MAGNETIC FLUID, AND 
THE RESISTANCE FORMED TO ITS ENTRANCE 

IN THE MAGNET, | 


EXPERIMENT XXXVIIL. 


If the two poles of the ſame name of two mag- 
nets, 
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nets are brought near to each other, and placed 
under a pane of plaſs, on which iron filings 
have been ſtrewed, the filings will be diſpoſed 
into curves, which ſeem to turn back from each 
other towards the oppoſite pole. The fluid 
which proceeds from B, fig. 103, meeting with 
refiſtance from the pores at D, is forced to turn 
back, and circulate round its own magnet, and 
thus form two atmoſpheres, which act againſt 
each other, in proportion to the force and quan- 
tity of the ſtream which paſies through the 
magnets. DE 


EXPERIMENT XXXVIII. 


Take a ſteel needle, with a very fine point, 
and rub it from the eye to the point five or ſix 
times with the north pole of a magnetic bar; 
the eye will be the north, and the point the 
ſouth pole of the needle. 

The attraction and repulſion of magnets is 
not hindered or encreaſed by the interpoſition of 


any body whatever. 
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EXPERIMENT XXXIX. 


Dip one point of the needle in ſteel filings, 
and it will take up a conſiderable quantity, 
Take the magnetic bar in one hand, and the 
needle with the filings in the other, hold them 
parallel to the horizon, with the point of the 
needle near the ſouth pole of the magnet, and 
the ſteel filings will fall from the point of the 
needle ; as ſoon as the filings drop off from the 
point, withdraw it from the ſphere of action of 
the magnet, and the point will be ſo far deprived 
of its attractive quality, that it will not again 
attract the ſteel filings, If the needle 1s not taken 
away, but continues for a few minutes about 
half an inch from the bar, the polarity of the 
needle will be changed“. 0, 


n XL 


Place two magnets cloſe toeach other, with the 
north and ſouth poles conjoined together, in this 
ſituation the magnetic power 1s ſo far counter- 
acted or condenſed as to have very little effect 


* Farther Proofs, &c. by Nr. Lyon, p. 60. 
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on iron, hardly ſuſtaining the ſmalleſt *piece, 
ſeparate the magnets half an inch, and they will 
ſupport a piece of iron, cloſe them, and they 
will let it drop. 


EXPERIMENT XLI, 


Suſpend two ſewing needles from the pole of 
2 magnet, and the needles will diverge, the 
repulſion will be augmented by the addition of 
another magnet, it is alſo increaſed by applying 
a bar of iron to the oppoſite pole of the magnet 
and diminiſhed by applying it to the ſame, 
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Bring a bar of iron towards the extremity of 
the needles, and their repulſion will be aug- 
mented. 


Ta BE NE Sade 07 


Suſpend by a thread the light cylindrical bar 
G D, fig. 114, which has a round head ateach end, 
and place it at a little diſtance from the mag- 

net 
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net M, then bring an iron wire E E, near the 
lower head D, and the cylinder will be repelled, 
but will be attracted by the ſame wire if it is 
brought near the upper head. 


REPERIMENT Fi. 


Hang a number of balls to each other, by 
applying the firſt to the north pole of a magnet, 
preſent the ſouth pole of another magnet to one 
of the middle balls, and all thoſe below it will 
thereby be deprived of the magnetic ſtream, and 
fall aſunder; the ball to which the magnet was 
applied will be attracted by it, and all the others 
will remain ſuſpended. If the north end of the 
magnet be preſented, then the ball, to which it 
is applied, will alſo drop. 

A ſingular fact is related by ſome ancient 
writers on magnetiſm. That if two loadſtones, 
a ſtronger and a weaker, have their repellent 
poles brought together, the weaker will have its 
power confuſed, and will not come to itſelf for 
ſome days; the polarity of the part, in contact, 
becomes inverted by the ſtronger power; but as 
that power reaches but a little way beyond the 
polar ſurface, the unaltered power, in the re- 
maining part of the ſtone, is able, by its contra- 
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ry force, to reſtore the confuſed part of the ſtone 
in a few days. 

It does not appear that there is any certain 
law of attraction peculiar to magnetiſm; for in 
different pairs of magnets, the force will vary 
at different diſtances. The magnetic attraction 
is not to be computed from the center of 
the magnets, but from the center of the 


pole “*. | 


Though many experiments have been made to 
diſcover, whether the forcc by which two mag- 
nets are repelled or attracted, acts only to a cer- 
tain diſtance ; whether the degrees of its action 
within, and at this diſtance, is uniform or variable, 
and in what proportion, to the diſtances it en- 
creaſes or diminiſhes; yet we can only infer 
from them, that the magnetic power extends 
further at ſome times, than it does at others, 
and that the ſphere of its action is variable. 

The ſmaller the loadſtone or the magnet is, 
the greater is its force, cæleris paribus, in pro- 
portion to its ſize. Though when the axis of a 
magnet is ſhort, and of courſe its poles very 
near, their action on each other weakens the 
magnetic force. A variety of other cauſes will 


alſo occaſion great irregularity in the attraction | 


of magnetiſm. If one end of a magnet is dipped 


*The magnetic effects of the contrary pole muſt be alſo 


conſidered in eſtimating the forces of magnetic attraction 
and repulſion. 
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in ſteel filings, we ſhall find that they are very 
ſeldom diſtributed with uniformity, but diſpoſed 
in little tufts, ſome places more thick than others, 
The force of magnetic attraction between the 
ſame magnets, and at the ſame diſtance, may 
be varied by turning the magnets on their axis, 
and making different parts of the polar ſurface 
regard each other. If a ſtrong magnet be ay. 
. plied to a weaker, a kind of repulſion ſeems to 
take place even between two poles of the ſame 
name, but its force is overpowered by the at- 
traction of the ſtronger. 


CAFR IMESTYT LT 


If a touched needle is placed near a magnet, 
its direction to the magnetic meridian is ſuſpend- 
ed, and it aſſumes a direction relative to its ſitu- 
ation and diſtance from the poles of the magnet. 
Place a ſmall needle on the pointed end of one 
of the braſs ſtands, and then bring it near the 
magnet, the needle will direct itſelf differently, 
according to its diſtance from the poles of the 
magnet. Theſe relative ſituations and tenden- 
cies are more pleaſingly obſerved by placing 
ſeveral touched needles round the bar at the 
ſame time. The motion of the ſmall dipping 
needle further illuſtrates this propoſition, From 
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the three laſt experiments various others of con- 
fiderable importance may be derived for ac- 
curately inveſtigating the curves, according 
to which the magnets act, and illuſtrating 
further ſome of the intricate branches of mag- 
netiſm. 

The northern magnetiſm is deſtroyed by the 
communication of the ſouthern, and vice verſa. 
Hence it is clear, that the two magnetic powers 
counteract each other, and that if both be 
communicated to the ſame arm of a magnet, the 
magnetiſm acquired by the arm will be that of 
the ſtrongeſt, and as the difference between the 
two powers. 

Two ſtrait magnets will not be weakened, if 
they are laid parallel to one another, with poles 
of the oppoſite denomination correſponding to 
each other, the ends being connected together 
by pieces of iron, which will keep up and 
facilitate the circulation of the magnetic fluid 
through them; but they ſhould never be ſuf- 
fered to touch each other, except when they lie 
in the ſame direction, and with poles of con- 
trary names. 

A ſingle ſtrait magnet ſhould be always kept 
with its ſouth pole towards the north, or down- 
wards, in the northern magnetic hemiſphere, and 
vice verſa in the ſouthern hemiſphere. Iron 
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ſhould never be lifted but by the ſouth pole of a 
ſtrait magnet in this hemiſphere of the world. 
Every kind of violent percuſſion weakenz 
the power of a magnet; a ſtrong magnet has 
been entirely deprived of its virtue by receiving 
ſeveral ſmart ſtrokes of a hammer; indeed, what. 
ever deranges, or diſturbs the internal pores of a 
magnet, will injure its magnetic force, as the 
bending of touched iron, wires, &c. 


EXPERIMENT XLVI. 


Fill a ſmall dry glaſs tube with iron filings, 


preſs them in rather cloſe, and then touch the 


tube as if it was a ſteel bar, and the tube will 
attract a light needle, &c. ſhake the tube ſo that 
the ſituation of the filings may be diſturbed, and 


the magnetic virtue will vaniſh, 


— 


EXPERIMENT XLVII. 


But though a violent percuſſion will deſtroy 3 
fixed magneniſm, yet it will give polarity to a 
iron bar which had none before; for a few ſmart 
ſtrokes of an hammer, on an iron bar, will give 
it a polarity, and by hitting firſt one end of thc 
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bar, and then the other, while it is held in a 


vertical ſituation, the poles may be changed. 
Twiſt a long piece of iron wire backwards 
and forwards ſeveral times, then break it off at 


the twiſted part, and the broken end will be 
magnetical. 


SF RIM ENT ein. 


If a magnet be cut through the axis, the ſeg- 
ments, which were joined before, will avoid and 
fly from each other. 


EXPERIMENT XIIX. 


If a magnet is divided by a ſection perpen- 
dicular to the axis, the parts which were joined 
before will have acquired contrary poles, one 
north, the other ſouth, thus generating a new 
magnet at every ſection. 

From theſe, and ſimilar experiments, Mr. 
Feles infers, that magnetiſm conſiſts of two dif- 
ferent diſtin& powers, which in their natural ſtate 
are conjoined, and exert but little fenſible 
action, and ftrongly attract each other at all 
umes; but when they are ſeparated by force, 
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they act like thoſe of electricity; for if mag. 
netiſm is excited in two different pieces of ſteel 
by the ſouth pole of a magnet, the ends repel 
each other ; but if one piece be excited by the 
north pole, and another by the ſouth, they will 
attract each other. He further ſuppoſes, that a 
magnet attracts, and is attracted, not entirely 
according to its own ſtrength, but according to 
the quantity of iron to be attracted ; and that 
magnetiſm is a quality inherent in all iron, and 
of which it cannot be diveſted ; for fire, which 
will deſtroy a fixed magnetiſm, does not deprive 
it of its natural quantity ; on the contrary, it will 
give it a polarity, or fixed magnetiſm, according 
to the manner of heating or cooling of the iron. 

The powers of magnetiſm, like thoſe of electri- 
city, are excited and ſeparated by friction. This 
effect is wonderful in both, but more ſo in mag- 
netiſm, where two powers, naturally attracting 
each other, remain ſeparated in the fame ſteel 
bar for many years, and yet they may be reduced 
to their natural ſtate by the friction of two other 
magnets, acting in a contrary order to that by 
which the poles were originally ſeparated. 

Magnetiſm and electricity act ſtrongeſt at 
corners, edges and points. 

Magnetiſm may be communicated to a ſmall 
ſteel needle, by paſſing the diſcharge of a large 
battery through it. 
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The diſcharge of a battery through a ſmall 
magnetic needle will ſometimes deſtroy the mag- 
netiſm, and at other times invert the poles of the 
magnet, which has alſo been frequently effected by 
lightening. 


% MMT ; Ss 


Place a magnet M, fig. 115, at a given diſ- 
tance from the needle AB, fig. 115, that it 
makes the needle deviate from the meridian 
NC to CB, forming an angle NCB of 40 
degrees. Now apply a bar of iron I to the mag- 
net M, ſo that it may be perpendicular to it, but 
only covering half the breadth of the magnet, 
and the needle will go back to 30 degrees. 


KTP BRETIMWENT Lt, 


Place on the other ſide a bar Y, exactly ſimi- 
lar to the bar I, and ſituated in the ſame manner; 
the needle will be very little affected, nay, by 
altering a little the ſituation of the bar the needle 
will not be at all affected by it. 

Remove the bar Y from the magnet by a 
parallel motion , and the needle will approach 


* See Eſſay on Electricity, p. 154. 
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ſtill nearer the meridian, or, in other words, the 
action of the magnet will be weaker. 


EXPERIMENT III. 


Place a magnet M, fig. 116, at ſome diſtance 
from the needle AB, and parallel to the magne- 
tic meridian NS, the needle will deviate from its 
' ſituation ; now approach ſlowly towards the nee- 
dle with a bar of iron, moving it in the equator 
of the needle, and the attraction of the needle to 
the magnet will be diminiſhed, till a ſmall part 
of g of the iron bar gets beyond the magnet; 
when its action will be conſiderably increaſed, 
and the needle more ſtrongly attracted. 


EXPERIMENT LIII. 


Place a magnet ſo that it may attract a needle 
by its ſouth pole, place one end of a bar of iron 
on the north pole of the magnet, and it will 
immediately attract the needle with more force, 
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Place a ſtrong magnet at ſome diſtance from 


magnetic needle, ſo that it may either not act on 
i the 
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the needle or elſe make 1t deviate only a certain 
quantity from the meridian ; apply a bar of iron 
to the magnet, placing the bar between it and 
the needle, and the needle is immediately agi- 
tated. 


TEATERIMENT, LY. 


Let the magnet be placed ſo near to the needle 
as to produce a ſenſible effect on it, then place 
the bar of iron on the poleof the magnet, deſcribe 
a circle with the bar of iron, and the action of 
the magnet appears to be weakened, and the 
needle returns to the ſituation it had before the 
magnet was placed near it, 


EXPERIMENT LYI, 


Place a bar of iron between a magnet and the 
needle, ſo that it may be perpendicular to the 
magnet ; and the needle endeavours to recover 
its true ſituation, and even returns to it, if the 
bar be thick enough, or if two or three more are 
interpoſed “. 


Van Swinden, Memoire ſur l' Electricitè et le Mag- 


netiſme. 
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MAGNETICAL RECREATIONS, 


BOX OF METALS. 


1 Þ HIS box contains five metallic tablets, 
of the ſame ſhape and ſize, that they may 
be placed indiſcriminately into ſimilar holes 
made in the bottom of a box. One of the tab- 
lets is gilt to repreſent gold, the ſecond is ſilvered 
to repreſent ſilver, the third is of capper, the 
fourth of tin, and the fifth of lead. A ſmall 
magnetic bar 1s incloſed in each of theſe pieces 
of metal, but 1s placed in a different ſituation 
in each piece. Another part of the apparatus is 
a ſmall magnetic perſpective, furniſhed at bottom 
with a magnetic needle, ſimilar to thoſe in ſmall 
compaſſes; a piece of paper is paſted at the bot- 
tom of the perſpective on the inſide, on which is 
marked the initials of the different metals; theſe 
initials are ſo placed as to correſpond with the 
magnets which are incloſed in the metals. If 
this perſpective be placed over any of the tablets, 
ſo that the north and ſouth line 1s perpendicular 
to the front of the box, the needle will point to 
the initial letter of the metal over which it 1s 
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the tablets as he pleaſes, then to ſhut: the box, 
and to return it you ; when by means of the per- 
ſpective you will be enabled to tell him how he 
has placed them. 


COMMUNICATIVE MIRROR, 


This apparatus conſiſts of the perſpective and 
ſtand repreſented NOLMK, fig. 118, four 
tablets as R, and a ſmall box AB with a drawer 
to hold one of the tablets. 

A ſmall circular card with a touched needle, 
and on which are placed four pictures at right 
angles to each other, plays on a pivot in the 
foot M K of the perſpective. Over part of this 
card is a hole, the center of which coincides with 
the center of the tube LN. An inclined mirror is 
fixed in the perſpective N O, fo as to be directly 


over the above-mentioned hole. There are alſo four 


tablets, on each of which a ſmall picture is paſt- 
ed ſimilar to thoſe on the card, and a magnetic 
bar incloſed in each. If one of theſe is placed 
in the drawer of the box AB, and the perſpec- 
tive over that as in fig. 118, and the fore part is 
then preſſed down to diſengage a ſpring which is 
within the foot, then will the card place itſelf ſo 
3s to correſpond with the tablet in the drawer, 


and a ſimilar figure will be ſeen by looking in 


at 
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at the eye end of the perſpective. Conſequently 
if you preſent the four tablets to any perſon, deſir- 
ing him to place any one of them in the drawer 
and conceal the others, then ſhut the drawer and 
return it. Now place the perſpective in a box, 
and preſſing the part T as abovementioned, and 
you may ſhew him the figure on the tablet he 
placed in the drawer, in the eye end of the per- 
| ſpective. | 

Theſe, and many other recreations of this kind 
will be found in “ Hooper's Rational Recre- 
_ ations,” the greater part of which I have executed 
with improvements. | 


OF THE ACTION OF THE MAGNETIC ATM0- 
SPHERE. 


The pole of a magnet produces on the part of 

a bar to which it is applied, the pole of a contrary 
name: therefore, if two bars fully touched have 
the poles of the ſame name joined together, they 
tend to produce on each other a force of a con- 
trary name to that with which they are endowed; 
and this effect will diminiſh the polar force of 
each bar; conſequently the magnetic force of 
each longitudinal element of an artificial magnet 
diminiſhes as its bulk is increaſed, and the total 
force 
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force of two magnets fully touched, and of the 
ſame length but unequal in bulk, will be in a 
leſs ratio than that of their maſs. 

If the magnet does not touch the bar, but is 
held at ſome diſtance from it, the phenomena 
will be the ſame; but the bar will acquire leſs 
magnetiſm than when it was in contact with the 
magnet. 

Each point of a magnet may be looked on as 
the pole of a ſmaller magnet, tending to produce 
on the points of the magnet a force contrary to 
its own. The effect of this tendency will be 
greater, in proportion to the force of the point, 
and its nearneſs to thoſe points on which it acts; 
and the force of a magnet will depend on the 
reciprocal action of theſe points on each other. 

The action of a magnetic point is increaſed 
according as the intenſity of the other points on 
it increaſes, as their number is greater, and their 
diſtance from it is leſs. The more the magnetic 
points are (from the figure of the magnet) 
brought together, and the ſtronger their action 
on each other in order to deſtroy their reciprocal 
forces, the weaker is the force of each point. 

Hence in two bars of the ſame weight and 
length the broadeſt will be the moſt powerful, 
becauſe its longitudinal fibres are more inſu- 
lated. 


If 
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If a bar is divided into two parts, each will 
receive a greater degree of magnetiſm than when 
they were united, 

From the ſame analogy we may infer, that the 
exterior points and edges of a magnet will have 
more power than the interior ones of theſame bar, 
as they are alſo more inſulated. 

A bar is ſaid to be ſaturated with magnetiſm, 
if when ſuſpended freely in an horizontal poſition 
it continues to make the ſame number of oſcil- 
lations in the ſame time, though continued to be 
rubbed with a magnet. As each point of a 
magnet tends to deſtroy the magnetiſm of the 
neighbouring parts, the bar appears to be in a 
forced or unnatural ſtate, and the magnetic fluid 
endeayours to ſpread itſelf over the bar in an uni- 
form manner, and conſequently to weaken and 
deſtroy its powers. The greater part of what has 
been ſaid on the action of the particles of magnet- 
iſm on each other will be found equally appli- 
cable to electricity. 


T 


A 
* Mr. his experiments on the elec- 


trophorus, 214 to 220. objervations on the 
atmoſphere 277. | 

Air, inflammable 95. plate of, charged 207, 
208. various experiments with 372. 

Amalgam, how to apply 27. of what made 3r. 

Apparatus for experiments on attraction 46. for 
firing inflammable air 96. combined for ex- 
plaining the theory of the Leyden-bottle 118. 
for medical electricity 328. to ſet wire on fire 
by the exploſion in dephlogiſticated air 390. 

Appearances on electrified points 101. reaſon of 
it 103. 

Atmoſpherical electricity 2 50 to 291. diurnal 
261. of the evening dew 263. 

Atmoſphere magnetical 474. 

Attraction, experiments on 3, 4, 47, 48, 49, 50, 
51, 52. zones of 53, 54, 55. of feathers 63. 
balls 64. thread 65, 66. paper images 67, 68. 
leaf gold 69, 70. properties of electric 45. 


of ſilk ribbons 58, 59, 60. of magnetiſm 402 


to 405, and 454. 


Attraction 


ES a RE a * 
Attraction and repulſion electrical not accounted 
for 76. a new theory of 78. experiments on, 


in vacuo 80. 


Axis of a magnet, 397. 


B 


Ball and point experiment 180, 182. 

Balls of pith, experiments with 48, 49, 50, 51, 
52, 53, 54, 223. of cork 365. 

Barometer, double experiment with 306. 

Battery, electrical, 151, wire melted by it 153. 
157, 158, Quire of paper perforated 1, 
155. needle made magnetic 154. its polarity 
deſtroyed or inverted 1 5 5. diſcharged through 
a Chain 159. gold leaf melted 1 59. glaſs broke 
160, white wood torn in pieces 161, weights 
raiſed 161. lateral exploſion 162. diſcharged 
through various circuits 163. through quick- 
ſilver 166. and through water in a tube 167. 
over the ſurface of water 167. ditto 1ce 168, 
through a green leaf 168. over ſpirits of wine 
168. lengthens wire 169. gives a vibration to 
water 169. forms priſmatic circles on metals 
170. paſſes through long circuits 170. 

Beccaria on atmoſpherical electricity 253. 

Bells electrical 72, 380. muſical 72. 

Boards, coated experiment with 184, 210. 

Boats electrified 107, 108. 


Bottle 


n, 


F 


Bottle ſpotted 125. double 127. luminous 304. 
medical 328. 

Bottle director 331. 

Bran, experiment with 211. 

Bullock's bladder, experiment with 182. 


C 


Camphor, curious experiment with 347. 

Candle, experiment with 105. diſcharge through 
ſeveral 212. 

Cannon electrical fired 345. 

Cantons phoſphorus 3 52, 353. 

Capillary tubes, experiment with, 294. 

Cavallo, piſtol recommended by 99. atmoſphe- 
rical electricity 266. inſtruments for ditto 
269. condenſer 247. very ſenſible electrome- 
ter 272. 

Ceca on atmoſpherical electricity, 257. 

Chain, experiments with 224, 363. 

Circuits, various 163, 164, 165, 170. 

Coheſion, electric 61, 62. | 

Compaſs, variation deſcribed 433. experiments 
on ditto 437 to 442. Mariner 427. when 
diſcovered 428. needle does not point exactly 
north 4.30. 

Condenſer, electrical 225 to 249. 

Conductor, what 6. catalogue of 8. conjectures 
on 14. negative and poſitive prime; how ap- 

plied 


B 


plied to the electrical machine 23. experiments 
with ditto 32. luminous 139. for building; 
175. obſervations on their action 195 to 206, 

Contact, to find the line of 28. 

Cotton, experiments with 73, 183. 

Crane, electric 106. 

Cylinder turned by a multiplying wheel, advan- 
tage of 21. 


D 


Directors for medical purpoſes 329. bottle 331. 
Diſcharger, common, deſcribed 38. jointed 39. 
univerſal 39. large 332. 


E 


Eeles, Mr. his hypotheſis 38. 

Electric powers to aſcertain 47, 48. counteraction 
of 50. coexiſtence of 52. coheſion 61, 62, 
ſpark 82. light 87. ſhock 111. 

Electrical machine deſcribed 21. directions to 
keep it in order 24. rope dancer 70. bells 72, 
thermometer 40. 

Electricity defined 4. of points 192. atmoſphe- 
rical 250 to 291. ſimilarity with magnetiſm 

407. 


Electrics, what 5, 6. catalogue of 13. different 


electricity produced by 15. ſome character- 
iſtics of 18. diſtinctions not ſtrongly marked 
by 


by r 
0 
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nts pon 18. fluid not obtained when the 


185 
6, 


cuſhion is not inſulated 34. vibratory motion 
of 56. 

Electrometer, properties of 41. quadrant, one 
deſcribed 42. Townſend's 42. rain 271. Caval- 
bbs atmoſpherical 272. Achard's 284. new one 
ſimilar to Mr. Brook's 366. 

Electrophorous 21 3. experiments on 214 to 223, 
237. 

Equator of a magnet 397. 

Evaporation produces electricity 93. 

Euler's hypotheſis on magnetiſm 397. 

Excitation, what 3. theory of 26. how to ex- 
cite an electrical machine 26. 


Exploſion lateral 162. 


F 


Feathers, experiments with 64, 73, 211. 

Firing ſpirits of wine gr, 92, 93. turpentine 93. 
gunpowder 344. air piſtol 95. 

Flannel experiment with 225. 

Fluids diffuſion and ſub-diviſion of 292. colour 
of changed 369. 

Flyer electric 105, 106. 

Forceps electrical 329. 

Fountain electrical 298, 299. 

Franklin Dr. his hypotheſis 37. objections to his 
theory of attraction 38. ditto of the Leyden 

11 bottle 
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bottle 143. doctrine of points 101. atmo. 
| ſpherical experiments 255. 
| * 

Gamble Mr. his experiment 380. 

Glaſs ball, experiment with 7 1. ſolid piece broke 
160. tubes filled with quickſilver 166. tube 

filled with water 166. tube with oil 359. 
impermeable to the electric fluid 37, 146. im- 
permeable 148. tubes for medical uſe 329. 

Gold leaf melted between ſlips of glaſs 159. 

Gunpowder fired by the electric ſpark 344. by a 
Jar or battery 344. 

H 

Hanxſbee, Mr. his experiments on electric light 
86. | 

Heat produces defricty 324. and electricity 

compared 382. 

Henly, Mr. on atmoſpherical electricity 260. 

Higgins, Dr. experiments made at his houſe 189, 
190. | 

Hypotheſis, Franklin's 37. Eele's 38. Euler on 
magnetiſm 397. another 400. 

Halley, Dr. his ſuppoſition 1 in order to account 
for the variation of the magnetic needle 449. 


F) Images 


ges 


CCC 


I 
Images of paper, experiments with 67, 68. 
Impermeability of glaſs 146. 
Inflammable air 94. piſtol for ditto 95. appara- 


tus for ditto 96. lamp 348. 
Inſulation, what 6. 


Infulating ſtool 4.3. experiments on 91. 
Iron attracted by the magnet 402. 
Ivory ball, fpark through it 85. 


K 


| Kinnerfly, Mr. his electrical thermometer 40. 


experiment with 359, | 
Kite, electrical 267. experiments with 274. 
. 

Lateral exploſion 162. 

Leyden phial, experiment with 110. conſider- 
ed 111. ſnock of, paſſes through ſeveral per- 
ſons 112. effects of the coating 113. ſponta- 
neous diſcharge 113. reſiduum of 113. ſhock 
to avoid 113, 114. Dr. Franklin's theory of 
115. that theory modified and explained by 
combined apparatus 118. cannot be charged 
when inſulated 120. charged by adding elec- 
tricity on one ſide and taking it from the other 
121. throws off as much from one ſide as it 


receives on the other 122. charged with its own 
112 fluid 


EEE ont Br one 


—— — 


— — 
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C 


fluid 123. two charged poſitively 123. one 
negatively and one poſitively 123. further ex- 
periments 125, 126, 127. double Leyden 
phial 127. ramifications of electric light on it 
126. chain of ſhot 125. ſimple chain 126. 
contrary ſtates of, elucidated by the attraction 
and repulſion of light bodies 130, 131, 132, 
133. by the appearances of the electric light 


134, 135, 136, 137. direction of the dif. 
charge 140. in vacuo 306. 


Leyden vacuum 138, 139. 

Light, electric, experiments on 86, 87. in va- 
cuo 300. appearances of 309. 

Loadſtone, what 395. artificial, to make 420, 

Lorimer, Dr. his dipping needle deſcribed 444. 

Luminous word 83. conductor 139. bottle 304. 


M 


Machine, electrical, deſcribed 21. how to keep 
it in order 24. 

Magic picture 361. 

Magnets, artificial 396. axis of 397. equator 
of 397. their attraction with iron 403. at- 
tracts ſteel filings 405. its poles 405. how 
touched 418. horſeſhoe 419. armed 423. ex- 
periments with 423. turn to the north 425. 
proved 426. 


M agnetic 


tic 


V 


Magnetic ſwan 403. balance 404. properties 
communicated to iron or ſteel 410. attraction, 
how occaſioned 454. repulſion 458. experi- 
ments on 459 to 462. recreations 472. at- 
moſpheres 474. 

Magnetiſm of the earth 447, 451. magnetiſm 
how preſerved 465. how deſtroyed 466. ſimi. 
larity with electricity 467. 

Mariners' compaſs deſcribed 427. 

Motion of the magnetic matter 453, 

Metals, box of 472. 

Mirror, communicative 473. 


N 


Needles made magnetic by an electric ſhock 1 54. 
their polarity deſtroyed or inverted by ditto 
154. magnetic, their variation 435 to 442. 
dip of the 442, dipping deſcribed 444. ſuſ- 
pended 404, 

Negative electricity, what 8. negative and poſi. 
tive electricity illuſtrated 35. 

Non-conductors, what 6. 

Non: electrics, what 5, 6, 


Q 
Oil of tartar, experiment with 351. fallad oil 
in a glaſs tube 359, ditto in a diſh 360. 


Pail | 


I N . 


1 

Pail, electrical 294, 295. 

Paper, quire of, perforated by a ſhock from a 

battery 154, 155. gilt ditto, experiment with 
224. images, experiment with 67, 68. 

Permeability of glaſs 148. 

Phoſphorus cantons, experiments with 352, 383z. 
Wilſon's 354. 

Picture, magic 361. 

Piſtol for inflammable air 95. 

Point, to obtain a ſpark with 83. electrified, 
experiment on 101. lucid cone 102. lucid 
ſtar 102. wooden, effects of 109. immerged 
in fluids 107. entertaining experiments with 
108. Point and ball experiment 180, 182. 

Poles of a magnet 405. how found 406. ditto 

by a ſmall dipping needle 407. contrary poles 
attract each other 408. like poles repel each 
other 408, | 

Poſitive electricity, what 8. poſitive and nega- 
tive 1lluſtrated 35. 

Powder-houſe, experiment with 345. 

Preſs for melting metals 40. 

Preiſtley, Dr. his experiments on electric light 

87. 
Priſmatic circles formed on metals 170. 


Quickſilver 


N 


Quickſilver exploded by a ſhock from the bat- 
tery 166. experiments with drops of 297. 
raiſed in a thermometer by electric ſparks 324. 

po 

Repulſion, electric, experiments upon 3, 4 
properties of 45. experiments on 47, 48, 49, 
50, 51, 52. zones of 53, 54, 55. of feathers 
63. of ſmall balls 64. and attraction, the 
cauſe of it, not clear 76. different mode of 
explaining them 78. experiments on in vacuo 
80. magnetic 469 to 462. 


' Ribbons, ſilk, experiments with 58, 99 60, 


61, 225. 
Ronayne, Mr. his experiments on atmoſpherical 
electricity 2 59. 


8 


Savery, Mr. on the magnetiſm of the earth 451. 

Sealing-wax electrical 4. curious experiments 
with 298. 

Shock electrical, what 111. its effects on the 
muſcles 32 1. through needles ſtuck in wax, 


putty, &c. 377. 
Smoke accelerated and contracted by electricity 


363. 
Spark 


I Is: 6 


Spark electric, treated of 82. why appears of 3 


zig-zag form 83. owing to the preſſure of the 
atmoſphere 84. varies its colour 85. through 


an ivory ball 8 5. ditto of box wood 86. of a 
green colour 88. forms a word 89. received 
on a point 89. with a glaſs tube 90. on dif. 

charging rods 364. through different liquid 
370. produces inflammable air 371. 
Spiral tube 89. compound ditto 364. 
Spirits of wine fired 91, 92, 93. 
Sponge wet, experiments with 295. 
Stockings ſilk, experiments with 61, 62, 
Swan, magnetic 40g. Met 

T 

Tartar oil of, in a glaſs tube 351. 
Terella, deſcription of 447, 450. 
Thermometer, electrical 40. 
Thread, experiments with 65, 66, 73, 183, 
Thunder-houſe, experiment with 178, 180, 

181. 
Torpedo, electricity of 315. 
Tube, fpiral 88. compound ditto 364. - capil- 

lary 294, 295. glaſs, ſtrong/ſpark 

with go. glaſs, for 8 purpoſes 329. 
Turpentine fired 93, : ET x 


Vacua 


Yacu 


F 
V 
Vacuo, expreiments on attraction in 80, light 
in 300 to 310. 


Variation compaſs deſcribed 4 3 3. of the needle. 
435. diurnal 436. experiments on ditto 437 


to 442. irregular at particular times 436. 
Halley's account of 449. Euler's ditto 449. 

Vegetation haſtened by electricity 314. 

Vibratory motion of the electric fluid 56. of 
water 169. 

Volta, Mr. on electricity from eyaporation 93. 
on circuits 171. electropherous 213. on inſu- 
lation 225. 

W 
Water diſperfed by the electric ſhock 167. ex- 


ploſion oyer the ſurface of 168. agitated by 


the ſnock 169. experiment with a drop 296. 
297. 

Wax, ſealing, remarkable experiment with 
32, 298. 

Weights raiſed by electricity 161, 

Wilſon, Mr, his experiments on the permeability 
of glaſs 148. on conductors 185 to 188. ex- 


periments on pointed and knob'd conductors 


at the Pantheon 343. on Phoſphorus 355. 
Wire, melted 153, 157, in a glaſs tube 158. 


lengthened 169. 
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MATHEMATICAL and PHILOSOPHICAL 
INSTRUMENTS, 


MADE AND SOLD BY 


GEORGE ADAMS, 


Mathematical Inftrument-Maker to His Majzsry, 


No. 69, Fleet-Street,. London. 


A +3 \ 4 1 e * 
Optical Inſtruments. 
4 & 
T beſt double jointed ſilver ſpectacles 
with glaſſes 1 
The beſt dite with Brazil pebbles — 116 0 
Single joint filver ſpectacles with glafſes o 15 © 
Ditto with Brazil pebbles _. — x 10 0 
Double joint ſteel ſpectacles with glaſſes | o 10 6 
Anothex ſort of ditto. — o 7 6 
Beſt ſingle joint ſpectacles — 0' 4 9 
Ditto inferior frames — o 3 6 
Noſe ſpectacles mounted in ſilver 3 
Ditto in tortoiſeſhell and ſilver 8 
itto in horn and ſteel — 3 
Spectac les for couched eyes : 
Spectacl es with ſhades 


Concave glaſſes in horn boxes for ſhort 
ſighted eyes 


— 


0 0 OS S 898 
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Ditto mounted in tortoiſeſhell and ſilver, 
pearl and filver, in various manners, and 
at different prices | 

Reading glaſſes, from 2s. 6d. to ' 

Opera glafles, from 10s. 6d. to 

Ditto of an improved conſtruction 

Concave and convex mirrors in frames, from 
7s. 6d. to — _ 

Teleſcopes of various lengths, fizesand prices 

Teleſcopes to uſe at ſea by night 

Acromatic proſpects, from 158. to 

Acromatic teleſcopes, with braſs drawers, 
which may be drawn out at once, and that 
ſhut up, conveniently for the pocket, from 
21. 12s. 6d. to — 

An optical vade mecum, or portable acroma- 
tic teleſcope and microſcope, &c. for 
tranſparent and opake objects, &c. from 
3l, 13s. 6d. to 

A thirty inch acromatic teleſcope, with dif- 
ferent eye pieces for terreſtrial and celeſti- 
al objects, from 81. 8s. to 

Ditto with rack work 

An acromatic teleſcope, about three feet and 
an half long, with different eye pieces 

Reflecting teleſcopes of all the various ſizes 

A three Got reflecting teleſcope with four 
magnifying powers 

A ditto with rack work | 

A two foot refleQting teleſcope, with rack 

work and four magnifying powers 

A two foot reflecting teleſcope, with two 
magnifying powers 

An eighteen inch ditto — 

A twelve inch ditto 


Double reflecting microſcopes, from 3]. 1 3s. 6d. 


to — - - 
Ellis's aquatic microſcope - - 


1 5. d. 
2 2 
2 2 
> 4 
18 18 O 
111 6 
2 12 6 
14-43 - 6 
4 14 6 
1 22. © 
18 18 O 
36 15 0 
2: © 6 
12 12 O 
Ss - 2 
8 8 
81 0.9 
8 
Wilſon's 


— — — — 


OF INSTRUMENTS, 


Wilſon's microſcope, improved — 2 12 6 
Adams's lucernal microſcope for opake and 
tranſparent objects, being the moſt perfect 
inſtrument of the kind hitherto contrived, 
affording more entertainment and inſtruc- 


tion than any other inſtrument «1. 26-6 
Solar microſcopes - - — 5 
Ditto for opake objects - i? 18 0 
Ditto — 21 © © 
Camera obſcuras, from 12s. to — 7 7.0 
Glaſs priſms, from 7s. 6d. to - 1 
Magic lanthorns 5 + I 5 0 


Geographical and Aſtronomical Inſtruments, 


Adams” new eighteen inch globes mounted 


in the moſt approved form, from ql. 9s. to 27 © 0 
Ditto in the Ptolemaic or common manner 6 6 9 
Ditto, twelve inches in diameter, mounted 

in the beſt manner, from 51. 58. to 6 16 6 
Ditto in the common manner - 93 9 © 
An armillary dialling ſphere - 5 
Manual orreries, from 11. 1s. to 3 13 6 
Planetarium, tellurian, and lunarium 31 10 © 


Adams's improved equatorial dial, or port- 


able obſervatory, from 71. 17s 6d. to 31 10 0 
Horizontal ſun dials, from 58. to - 12 12 O 
Univerſal ring dials, from 75s. 6d. to $7.29 
Tranſit inſtraments | 
Aſtronomieal quadrants, from 5ol, to 800 © o 


Mathematical and Surveying Inſtruments, 


Caſes of drawing inſtruments, from 7s. 6d. to 35 0 0 
Neat magazine cafes of inſtruments y Jv 
Eliptical compaſſes - — 4 4 © 
Beam compaſles with diviſions, &c. 


Triangular compaſſes of a new conſtruction 1 
| | dams 


> > 
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Adams's ſectoral elliptical and callipper com- 


aſſes in one inſtrument, from 41. 148. Gd. to 9 9 © 
Adams's protracting parallel rules, and uni- 
verſal plotting ſcale 
Protractors, ſectors, ſcales, parallel rules, &c. 
A new inſtrument for taking perſpective 
views, &c. - - - 12 12 © 
A ditto for aſcertaining points - 2 12 © 
Another inſtrument for taking views 5 5 © 
Pantographer, from 21. 2s. to - - 6 © 
Plain tables, from 31. 13s. 6d. to 14 14 © 
Theodolites, from 41. 4s. to - — 31 10 0 
A neat portable theodolite - - 8 18 6 
Adams's improved double theodolite, ex- 
ceeding, for accuracy and utility, every 
former kind, from 121. 128. to 31 10 0 
Meaſuring wheels, from bl. 6s, to 10.10 O 
Circumferenter, from 21. 2s. to - 15 15 0 
Philoſophical Inſtruments. 
Improved electrical machines, from 3l. 138. 6d. 
to — = = - 40 © © 
Electrical machine and apparatus, in a box, | 
from bl. 16s. 0d to - - 1 
Medical apparatus . 
Electrical machines, with a ſelected apparatus, 
in a box, from 7. 75s. od. to 0 
Batteries, and all other parts of an electrical 
apparatus | 
Small fingle barrelled air pump 
Small double ditto 4 14 6 
A large ditto | 0 16 6 
Table air pump 10 10 0 
An improved air pump, ſuperior to Smea- 
ton's conſtruction of the pump 
Apparatus to an air pump, from 41. 4s. to 30 © © 
| Barometers 
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OF INSTRUMENTS, 


Barometers — > 3 1 
Ditto - - 2 12 
Barometers, Thermometers, from 31. 38. to 5 5 
Marine barometers 
e in * boxes, from 

Il. . to — — I 11 
Ditto wich Reaumur and Farrenheit s ſcales, 

Botanic thermometers — — 8 18 
Thermometers for brewers, from 128. to TH 
Hygrometers, from 10s. 6d. to - 3 13 
The mechanic powers, bal in a ſmall 

neat form — — 21 © 


Ditto, fitted up on a larger ſcale, with im- 
provements 
An apparatus for making experiments on 
accelerated, retarded, and rotatary motion 
A mechanic apparatus fitted up for the pur- 
pole of inſtructing young people, &c. 
A pneumatic apparatus, fitted ” for the 
ame purpoſe - 15 15 
An electrical 3 fitted 1 on the ſame 
plan 3 
A magnetica] apparatus, from 21 128. 6d. to 10 10 
Conductors for ſhips to preſerve them from 
Iightrung - — - 14 
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